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Introduction 


Alkali-aggregate reactions have occurred in our portland 
cement concrete structures for many years; prehaps as long 
as we have been using concrete in this State. Evidence of 
these reactions can be found in our upstate New York struc- 
tures, from Albany in the east, to Buffalo in the west. 

They reach catastrophic proportions in the central and 
western areas of the State. Fully 50% of all concrete struc- 
tures in the six county Rochester New York Region of the 


Department of Transportation are affected to one degree or 


another. 


This pernicious form of concrete deterioration has, in all 
probability, cost our employer, the hard pressed New York 
State Taxpayer, literally hundreds of millions of dollars 
over the years! It will surely cost many millions more to 
repair and replace debilitated units before we are able to 


get this reaction under control. 


Over the last 15 years or so, several Department field 
investigations failed to detect any evidence of these re- 
actions in any of our New York State concrete. Consequently, 
the Department has never looked upon these reactions as a 
cause for concern. All serious concrete deterioration prob- 
lems associated with our field concrete, have invariably 
been attributed, by the Department, to the lack of a proper 


air void system in the distressed concrete. 
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Given these two diametrically opposed explanations of our 
concrete problems, it is clear someone is wrong! Either 
alkali-aggregate reactions are responsible for our severe 
deterioration problems,or they are not. To substantiate 

my evaluation of existing conditions, I shall refer to 
various Department research reports as well aS some pertin- 
ent correspondence. AS you would expect, I shall be rather 
critical of the errors found in these reports. When we then 
assemble only the true facts, we will clearly see that they 
point logically and unerringly in the direction of alkali- 
aggregate reactivity in our portland cement concrete. 

It would of cause, be best to discuss each and every point 
in minute detail leaving no stone unturned; and this I am 
prepared to do. Unfortunately the 3 hours allotted to me 

to make my presentation is insufficient for the task. So l 
have tried the best I could to squeeze some 16 years of my 
work involving the investigation of more than 1000 major 
structures into this relatively short period of time. 1 have 
tried to develop my report in a fashion that would make this 
rather complex and controversial subject understandable to 
any average engineer who is familiar with at least some of 
the rudiments of portland cement concrete. Despite its 
brevity, I believe the report paeGuat ety delineates all 


the vital points that need to be considered. 
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There are two parts to my report. Part I consists of num- 
erous samples of distressed concrete that I Penoved from 
concrete units in and around the Rochester, New York area. 
These samples illustrate many of the points covered in 

this report. Numerous colored photographs of our statewide 
distressed concrete have also been made available for your 
Study, as are samples of western New York aggregates asso- 
ciated with our distressed concrete in this area of the State. 
The gravel, Onondaga Limestone and Lockport Dolomite aggre- 


gate samples were taken from producer stockpiles. 


Part II of the report, consists of an 80 or so page report 
that will be given in conjunction with the showing of some 
300 illustrative slides. 


Quite obviously 1 can never present all of the included 
information in the 3 hours allotted me. Therefore, I shall 
have to skip over several portions of the report and pro- 
ceed rapidly through other sections in order to finish on 
time. Hopefully this procedure will not prove to be too 
distracting. Since you have all been given a copy of the 
general report, you may refer to the affected passages as 
you desire and at your convenience. Because of the previous 
stated reason, 1 would ask you to withhold all questions 


until I have completed my presentation. 
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Before beginning this presentation, I would like to say that 
I am pleased to have Mrs. Katherine Mather here today. I 
only wish that I could have met with her 16 years ago! So 
that Mrs. Mather will not labor under any misconceptions, 

I should state that I am not a professional engineer, 
chemist or geologist. I am primarily a field construction 
engineer with a self taught knowledge of any (nee 


materials. 
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This first group of slides serves to illustrate the vital role 
played in our transportation system by thé 16,000 bridges and 
thousands of miles of roads here in New York State. The original 
criteria used to justify the design and construction of this 
intricate highway system, was based on establishirig a low cost, 
safe and efficient travel way for the use of the travelling 


OAr 
public. as well as,intrastate and interstate bussiriesses. It 


) 


was these considerations that prompted millions of New York State 


Taxpayers to make their multi-billion dollar investment in our 


transportation system. ® 


When the system breaksdown, the safety of the travelling public 
may be threatened, businesses suffer and may even fail, and the 
return on the investment drops precipitously. To get the system 


functioning properly again, more of the taxpayer's money must 


‘be pumped into the system. All other things being equal, the 


greasest rate of return is derived from those systems requir- 


ing the least amount of maintenance. 


Portland cement concrete is specified, deSigned, produced, sold 


and purchased on the basis that it will néed little future 


“maintenance. For this reason it is used extensively in our 


buildings, bridges and dams. To the man on the street as well 


as many of our engineers, the word concrete means durability. 


Vital structures,such as this bridge over Irondequoit Bay near 
Rochester, New York,are expensive and take several years to 


build. This one cost approximately 11 million dollars. It was 
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started in 1966 and completed in 1969. If it were being built 
today it would probably cost twice as much. G) thee (@) 


Section 2 


Dt v7} 
S ae 


It is gratifying to find that many of our old concrete bridges 
and roads do function with a minimum of problems just as they 
were designed to do, while our newer units,less than 4 their 

age,fail rapidly. Is it possible that our concrete technology 


has been regressing rather than progressing over the years? 
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Why then, do we have failures such as these in our concrete 
Sen ‘aria why is the problem so acute in the western 
and central New York area? Surely our state engineers in these 
two sections of the state are as capable on the whole as those 
in any other section of the state! If the problem does not lie 
in the actual construction procedures then we will have to 
seek the answer in our material nee apart requirements. 
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Let us now take a look at some other CGN tod we find set 
our field concrete. 
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on EOS deterioration problem is the scaling of concrete 
92. 
4 


surfaces. ng is the term that is used to describe the 


physical breakdown of the mortar fraction of the concrete. 
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It occurs when the porous cement paste becomes saturated and 
breaksdown under repeated freeze-thaw stresses. If less than 


2" of surface material is lost, it is called light scaling. 


a | 
fy exacerbated by Sanh ES 


If more than 1" of surface material is lost, it is called 
heavy scaling. Heavy scaling iver Abry involves the loss 

of at least some of the large coarse aggregate particles. It 
follows then, that the stronger and more impervious the mor- 
tar fractien is, the less likely the exposed surface is to 


scale. 


Hence good concrete mix design and construction practices 
attempt to promote these highly desireable features 4n our 


MON 


finished concrete products. (@) “7 


To further enhance the quality of the mortar fraction, billions 
of minute air bubbles are purposely entrained in it. They 
serve as reservoirs that dissipate the destructive freeze- 
thaw forces at and near the exposed surfaces of the concrete. 
Concrete containing sproper air-void system.is many times 

more resistant to scaling than is similar concrete without 

a proper air-void system. The benefits derived from air- 
entrainment vary from "enormous" in the weaker mixes with 

low cement factors, to"insignificant" in the stronger mixes 
with higher cement factors. Air-entrainment is no miracle 
worker! It does not make good concrete out of bad concrete. 
The exisitence of numerous old concrete pavements and struc- 


tures built long before the principles of air-entrainment 
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were developed, still in good condition, graphically illus- 


trate this point. 


The use of road de-icing salts exacerbate our scaling prob- 
lems, by increasing thé number of freeze-thaw cycles occur- 
ring at or near the exposed surface of the concrete. The 
weaker the mortar fraction, the more severe the effects of 
salt attack. De-icing salts do not crack concrete! However, 
if the surface of the concrete is already cracked, or if 

the mortar fraction is porous enough to permit salt solutions 
to penetrate to embedded reinforcing steel, rusting of the 


steel will occur, promoting additional cracks in the exposed 
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Now Il have taken the time to briefly discuss the purpose and 
the effect of air-entrainment in concrete mixes, as well as 
the effects of road de-icing salts on these same concrete 
mixes, in order to emphasize the point that they both deal 
with the surface deterioration of concrete units. For the 
last 15 years or so the Department has categorically attrib- 
uted all N.Y.State concrete deterioration problems to road 
de-icing salts and the lack of proper air-void systems in 
the distressed concrete. Therefore, if sufficient evidence 
exists to indicate our concrete problems are internally 
generated, we can then conclude that the Department is in- 
correct in their evaluation, and our problems are due to other 


factors. 
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Since the fine and coarse aggregate particles constitute 
approximately 70% of the volume of a given yard of concrete, 
it is reasonable to ask if prehaps they tmay be the source 


of our concrete deterioration problems. 


Where unsound fine aggregates are incorporated into concrete 
the concrete tends to fail in a scaling like manner. Hence, 
they will not normally produce deep fracturing of the con- 


crete surface. 


@ 
Where physically unsound coarse aggregates are incorporated 
into relatively thin concrete members in a porous mortar ma- 
trix, the possibility exists that subsequent freeze-thaw 
cucles may produce detrimental expansive forces in suscept- 
ible saturated coarse aggregate particles. This dction under 
these very special conditions may producé relatively deep 
seated cracking in the coricrete unit. In the thouisand or 
so concrete structures I have studied over the lest fifteen 
years, I have never once found evidence of this type of 


failure. 


But physically unsound coarse aggregates have been even re- 
cently, incorporated in our State concrete, quite inadvertently 
I am sure. When they fail they produce the effect we see here 

( Ealrne ch feteo) Go) er (57) 
in this Wyoming Co. bridge built in 1922.’ 1n this case the 


mortar matrix is relatively more durable than the large 


coarse aggregate particles. The mode of failure is even more 
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@ % 
pronounced in our later concrete units as seeri here in these 
slides of a concrete monolithic bridge deck arid adjacent 
pavement built in Livingston Co, around 1967. Due to the air- 
‘? 
entrained mortar fraction's far superior durability features, 
the voids left by the disintegrated coarse aggregate particles 
are easily discernible. From what we have just seen, we can 


conclude that physically unsound coarse aggregates do not 


normally produce extensive cracking in our field concrete. 


But as all engineers in the field know, it is inherent in the 
nature of concrete to crack, due to its limited ability to 
withstand tensile stresses. These stresses may develop due 

to loading factors, mix considerations, poor curing conditions, 
or even because of an imbalance of certain chemical compounds 


in the cement used. 


In addition, other cement compounds such as thie free lime (CaO), 
excessive Magnesia (MgO) and tri-calcium aluminates (C3A), 

are fully capable of producing detrimental expansive cracking 
in the hardened concrete similar to thosé that are caused by 
alkali-aggregate reactions. How then is it possible to sep- 


arate one from the other we may ask? 


Fortunately, alkali-aggregate reactions exhibit their own 
unique distinguishing characteristics that permit us to 
determine with absolute certainty what role, if any, 


the reaction may have played in our cracking problems. 
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The advance stages of deterioration often mask alkali-aggre- 
gate related features. Hence any perfunctory examination of 
the distressed unit may well result in an inaccurate appraisal 
of the true situation. Since portland cemént represents the 
single most important material in concrete, I began my in- 
vestigations, back in 1961, by attempting to relate concrete 
deterioration to cements used. I compared over 300 individual 
pours in five different structures built in Rochester in the 
1953 to 1955 time period. My evaluation of the accumulated 
data indicated such a relationship did exist. From that point 
on I concentrated on finding out why some cements promoted 


concrete deterioration while others did not. 


To the best of my knowledge the Department) has never researched 
our concrete deterioration problems from the aspect of the 
cements involved. 
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It was conditions such as we see here in these slides of struc- 


tures containing both good and bad concrete, that first piqued 


my curiousity. 
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FACTORS AFFECTING CONCRETE DETERIQGRATION 


Mix 
Proportions 


Water/Cement 


Aggregates 


Workmanship 


Freeze/Thaw 


Curing 


De-~Icing Salts 


Air-Entrainment 


Cement 


Cement -Aggregate 
Reactions 


Scaling 


Popouts 


Warping 


Excessive 
Cracking 


~*~ 


Permanent 
Expansion 


Heavy 
Exudations 


Deposits In 
Concrete 


Tan Stains 


Rimmed 
Aggregates 





Section 4 

® 
This chart is a summary of many of the idéas we have just con- 
Sidered. The important point here is that only chemical re- 
actions between susceptible concrete aggregates and aggresive 
cement compounds, are capable of producing: two very uniaue 
and distinguishing effe¢ts associated with so much of our 
distresséd concrete in the field. The two unique characteristics 
involved, are the presence of rimmed fine and coarse aggregates 
in the distressed concréte, and the build up of an amorphous 


tan stain on the exposed concrete surfaces. 


A third important feature of cement-aggregate reactions is the 
production of chemical deposits in the distressed concrete. 
However, these deposits are not readily distinguishable from 
deposits attributable to other factors. Indeed, sophisticated 
investigative equipment such as the electron probe are often 
needed to even detect their presence. As an individual with 
limited finances, working on his own time with only the crudest 
investigative type equipment available for use in my work, I 
have to say that I have never been able to differentiate for 

a certainty, between deposits attributable to so called alkal- 
aggregate reactions and those deposits attributable to other 


causes. 1 
GEN 
© Se 
Go? 
Here is a slide of the type of concrete distress we are con- 
sidering here today. It depicts a portion of a wingwall of a 


Genesee Co. bridge built in 1956. The coarse aggregates are 
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from the cherty Onondaga Rock Formationof western New York. The 
slide was taken in March, 1976. Note the manner Ah ehinh the 
concrete fractures; the heavy exudations accompanying the dis- 
tress; and the distinctive tan stain on the surface of the 
concrete. If you break off a piece of this concrete and ex- 
amine it closely, you find rimmed coarse aggregates and a cone 
Siderable quantity of chalky white material. All of these 
features, either in part or in total, have been associated with 
alkali-aggregate reactions in other sections of the country as 


well as iranada. 


For those who are unfamilar with alkali-aggregate reactions, 
let me take a minute and very briefly explain how they occur 


in concrete. 


There are basically two types of alkali-aggregate reactions; 
alkali-silica and alkali-carbonate. In both cases, reactive 
constituents in the aggregates combine with critical quantities 
of sodium and potassium oxides in the particular cement, If the 
environmental conditions are favorable the reacticn will pro- 
duce deleterious expansive forces within the concrete mass. 
When the concrete mass is no longer able to accomniddétetthe 
generated forces say by creep, or some built in restraint 
mechanism, it sete tia The cracking contiriues as long 
as the environmental conditions are favorable and sufficient 


reactive constituents are available. 
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In the case of alkali-silica reactions, the cement alkalies 
attack the siliceous constituents of the aggregate producing 
a silica-gel. If this gel is formed outside of the aggregate 


it may imbibe moisture through the process of osmosis, thereby 
wrthinthe emervete wrass. 
producing large internal expansive forces, If the gel is formed 


inside the aggregate particles, say in the pores, the aggregate 


may swell and produce the expansive forces in this manner. 


Alkali-carbonate reactions are somewhat different in nature 
and vastly more complicated. The reaction involves nondolo- 
mitic carbonate rocks, highly dolomitic carbonate rocks, and 
impure dolomitic rocks. Present thinking has it that only the 
reaction involving the impure dolomitic rocks will produce 
harmful expansion in the host concrete. The presence of magne- 
sium hydroxide (brucite) in the expanded@ concrete is strong 
evidence that this reaction has taken plate. Reaction products 


are usually very difficult to identify. 


The rapidity and intensity with which an alkali-aggregate re- 
action occurs will be affected by the following factors; 


The alkali content of the cement. 

The reactivity of the aggregate. 

The pessimum ratio. That is the quantity of reactive 
aggregate producing the maximum expansion. 

Aggregate size. 

The cement content of the mix. 

The fineness of the cement. 

The water/cement ratio of the mix, 

The presence of entrained-air. 

Environmental factors including moisture availability 
and temperature range. 

10. Wetting and drying conditions. 

11. The dimensions of the unit. 

12. The degree of restraint involved. 

13. The creep characteristics of the concrete mass, 

14, The presence of de-icing salts. 

15. The passage of time. 
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The possibile combinations are infinite. Hence it is not sur- 
prising we find considerable variations in the physical appear- 
ance of affected concrete in the field. The best we can hope 
for is that they. will share a few common characteristics by 
which the reaction can be identified. My investigations in- 
dicate that it takes between /2 and /6@ years before the vast 
majority of these reactions are recognizable in the field. 

In general, the earlier the reaction appears, the more severe 
the final results. 

@) rue | ere 

In central and western New York coarse aggregates from the 
Manlius, Lockport Dolomite and Onondaga Limestone rock form- 
ations are used extensively in SORES. Yon ear i eae a 
dolomitic limestone formation that contains several argilla- 
ceous members. It extends from Seneca Falls in the west, to 
Albany in the east. The Lockport Dolomite rock formation also 


contains several argillaceous members. It extends from Niagara 


Falls in the west to just east of Syracuse. The Pennfield member 


of the Lockport formation is extremely siliceous, containing 

as much as 52% quartz sand. The Pennfield is used extensively 

as a coarse aggregate in concrete in the greater HKochester, 
Limestone 

New York area. The Onondaga,yrock formation contairis several 

very cherty members (up to 60%). It extends from Buffalo in 

the west to Albany in the east. Gravel deposits are scattered 

throughout the state and are Le eae re as a source 

for fine and coarse aggregates in concrete. 


Over the years various test procedures have been devised in 
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order to evaluate the potential reactivity of both siliceous 
and carbonate aggregates. Some of the more important ones are 
as follows; 
1) ASTM C227 - Potential Alkali Reactivity of 
Cement-Aggregate Combinations. 
2) ASTM C289 - Potential Reactivity of Aggregates 
(Chemical Method) 
3) ASTM C295 - Petrographic Examination of Aggregates 
For Concrete. 
4) ASTM C342 - Fotential Volume Change of Cement- 
Aggregate Combinations. 
5) ASTM C586 - Potential Reactivity of Carboriate Rocks 
For Concrete Aggregates (Rock Cylinder Method) 
None of these tests have ever been adopted by the NYSDOT for 
the evaluation of our concrete aggregates. As useful as these 
tests are, they all have their shortcomings. No laboratory test 
the 
has yet been devised that can duplicate,infinite combination 
of factors that occur in our field concrete. So in the long 


run, field results must always take precedence over laboratory 


tests. 


If alkali-aggregate reactions occur in out New York State 
concrete, it follows that at least some of our aggregates 
must be chemically reactive. The natural question to ask 
is what information is available to indicate which aggregates 
are potentially reactive? 
© 
On page 10 of NRMCA Publication #149, dated March, 1975,in an article 
entitled "New Concern Over Alkali-Aggregate Reactions", Bryant 
Mather sets forth the following criteria for the early recog- 


nition of pten tially reactive siliceous aggregates; 6) 
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",....A fine or coarse aggregate will be evaluated as 
potentially reactive if petrographic examination 
reveals any of the following; 
1. The presence of opal 
2. More than 5% chert in which chalcedony 
is detected. 
3. More than 3% glassey igneous rocks in which 
any acid or intermediate glass is detectéed....." 
N.Y. State has aggregates that meet this criteria. 
Some thirteen years earlier, in 1962, Dr. James Dunn and Michael 
Ozol completed NYSDOT PRP#12, RR 62-7. The title of the report 
was "Deleterious Properties of Chert". It was a study of 6 working 
groups of cherts found in the Onondaga Rock Formation in the 
central and western area of New York State. As I said earlier, 
the Onondaga is a major aggregate producing rock formation and 
extends from Buffalo in the west, to Albany in the east. 
They described the silica found in the 6 working groups of 
cherts as being in the form of; 
1. Microcrystalline quartz (M), 79-89% 
2. Cryptocrystalline quartz, (K), 0-7% 
3. Chalcedony (C), 0-54 
4, Megaquartz (Q), 0-54 
5. Some Opal 
They could not verify the presemce of opal due to the limitations 
of the X-ray equipment used. The balance of the cherts contained 
Dolomite crystals, 2-7%, and Calcite, 1-10%. The chert content 


of the Onondaga exceeded 60% in some of the formation members. 


Considering Mather's criteria and Dunn!s and Ozol's analyses 

of the Onondaga cherts, it not too surprising to find that at 

least five of the six working groups of cherts peesen for potential 
chemical reactivity under ASTM tests C289 and a modified C227, 


proved to be potentially reactive. ifThe alkali content of the 
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cement used in the C227 tests was determined to be 0.89%. 


The findings of this report, at least to me, represented a 

major breakthrough. Surely I thought, the Department would 

now adopt the suggested control procedures I had recommended 
over a year before, in 1961! But that was not to be, either gfhen 
or even till this very day. | 

@ 
Some two years later in October, 1964, the department published 
the final version of PHP#12 in RR64-6. The purposé of the 
cement 

report was to determine the maximum,alkali-content that could 

be combined with the reactive cherts without producing ex- 
cessive expansion (defined as less than 0.1% per year) in 

the C227 mortar bars. An effort was also made to determine if 
various admixtures could effectively reduce the overall expansion 
problem. In addition, three more working groups of cherts were 
tested. All testing was done by departmerital personnel. The 
cement used for the C227 tests contained an alkali content of 
0.79%. The report concluded that 1 of the three ,cherts tested 


under C227, produced excessive expansion of 0.10%. 


The overall conclusions of the report indicated that at least 
deleteriously 

6 of the 9 working groupé@ of cherts weregjreactive when combined 

with cements containing more than 0.7% alkalies. None of the ad- 

mixtures tested proved to be effective in controlling the re- 

action. No evidence of alkali-aggregate reactions were found 


in the field concrete. 


The report recommended that all cements be tested for alkali 
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content. When the alkali content is less than 0.7% no restric- 
tion would be placed on the aggregate used. when the cement 
alkali content exceeded 0.7% the cherty aggregates would have 
to be checked under ASTM C289 and C227, 


In spite of the shortcomings of the report itself, the conclusions 
reached and the recommendations made, this report was an extremely 
important one. It recommended taking the very first 
small steps in the direction of controlling at least part of 


our alkali-aggregate problems. 


George McAlpin our Deputy Chief Engineer, In Charge of Technical 
Services at that particular time, recognized the importance of 
the reports findings. In a memo dated September 24, 1964 to 

our Chief Engineer Bob Sweet, he recommended controls be adopted 
by the department to preclude the occurrance of alkali-aggregate 
reactions in New York State concrete incorporating coarse 


aggregates from the cherty Onondaga Limestone Formation. 


His recommendations were never put into effect! The same fate awaited 
Harry McLean's 1971 recommendations. 
I implied earlier that the department's final report on the 
"Deleterious Properties of Chert" contained several serious 
errors of omission and commission. It is important that we 

these errors 
understand what they are, since have exerted considerable 


influence over the thinking and actions of the department from 


that time on. 
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2 
Probably the single most serious error in the entire report 
was the determination of 0.7% as the safe upper limit for 
cement alkalies. Numerous agencies then as now, accepted and 
adopted the nationally established ASTM limitation of 0.6%. 
Indeed, several agencies found it prudent to drop the require- 
ment to 0.5% and even 0.4% upon discovering their plight. 
Only years later did they decide to raise the upper limit; 


and then only to 0.64. 


The department developed the 0.7% figure from this chart on 


page 13 of the report. 


The first thing to be understood, is that the test values we 
see here are bot, I repeat, not the pee series of 
tests, run at one particular point in time, by one group 

of individuals, for the express purpose of determining the 
safe upper sodium and potassium cement-alkali content that 

can be combined with the specific cherts. HKather it represents 
a conglomerate of values obtained from Dunn and Ozols' work of 
two years earlier and values for the three cherts tested by 
the department under their admixture research sertes. As in- 
teresting as the results might have been, it hardly seems 


appropriate that they would serve as the basis of a statewide 


cement alkali limit. 


The first group at the left hand side of the chart represents 


the results obtained by Dunn and Ozol two years earlier. 


The second group from the left includes the three cherts tested 


by the Department. Two of the cherts did not produce excessive 
expansion. The third expanded approximately 0.12 
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None of the 4 most reactive cherts included in group I 


were tested and included in group ll. 


Groups III, IV, and V represents the values obtained for 

cherts 57B and 73 from the admixture tests. Only one of 

the six valyes included in these three groups represents the 
chert tested at its pessimum. The alkali contents of the cements 
used in Groups IV and V are indicated to be 0.44 and 0.45% re- 
spectively. The difference between the two cements 

is certainly not significant and poses the question why it 


was done. 


Using the rather misleading information given in the chart, 

AS Seen 
the department fit this curve to it,on page 15 of the report. 
Note that the curve values are the reverse of the chart values. 
It is a strange curve. It indicates that all cherts expand 
approximately 0.03% when combined with cements containing 
between 0 an 0.6% alkalies. In the 0.6 to 0.9% range the 
rate of change of the curve accellerates rapidly indicating 


that infinite expansion takes place as the alkali content of 


the cement approaches 1.04!! Let it suffice to say that neither 
alkali-silica reactions as in this case, nor alkali-carbonate 
reactions behave in this fashion. 


The only purpose served in putting the data together 
and interpreting it as it was, appears to be the_unconscious 


desire to support the opinion expressed on page 14 of the 
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report which says; 


"..eeelhe important point illustrated here is that 
Onondaga cherts may cause expansion in the mottar- 

bar test only when the alkali content of the cement 

is considerably higher than the 0.6% normally re- 
garded as producing deleterious exparision with 

reactive aggregate. This implication has partially been 
substantiated in the fleld as shown by the results of a 
field survey which will be discussed in another section 
of this report. Briefly that survey indicated that 
although cherts have been commonly usied with cements 
having 0.7% alkalies, no deleterious expansions have 
occurred. «.s.6" 


This statement reflects the earlier statement made on page 8 
of the report which says; 


~ees-cCements 3,4 and 5 used in this series(sic¢: the 
admixture test series) had alkali contents of 0.44, 
0.45 and 0.70% respeotively. Thesetalkali contents are 
typical of those normally encountered in cements used 
for New York State construction.....” 


It is difficult to understand how this’ statement tan be justi- 
fied. The department has never had a Heath raaktectpcaqnarse 
our cements to be tested for alkali contents. Where did the 
data come from? If they were obtained from the rebords of 

the cement manufactures and not from our own laboratory, Il 
personally would have been reluctant to make use of it. 

@ 

It is also puzzling to me why no_ importance was attached to 
the fact that the alkali content of the Natural Cement used 

as an admixture in that series of tests was aire: as given 
on page A-1 of the report. Until they were phased out,in the 
late '60's, Natural cements were used together with portland 
cements on a 1 to 8 basis in our structural concrete mixes. 


I am also puzzled as to why the department believed that 
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the natural cement would act as an inhibitor to the alkali- 
aggregate reactions being investigated, when the natural cement 
¢ontained more alkalies than the portland cement being used! 
The field survey made in conjunction with this report, was 


conducted under PRP# 24. We will review this report in detail 


later on. On page 17 of RRGY-G ‘ it states that the field 


survey involved some 64 structures incorporating Onondaga 
cherts. All the structures were air-entrattned with the majority 
of them between 1 to 6 years old. In addition, some 100 lane 
miles of concrete pavement between 8 and 11 years old were 
examined. Although numérous examples of dalkali-aggregate 
reaction features were noted, such as map cracking, pop outs, 
etc., they were invariably explained as being caused by de- 
icing salts, freeze-thaw forces, shrinkage, etc. In the case 

of a section of the State Thruway pavement between Syracuse and 
Canastota investigated by the department the report says; 


"..eeeopalling at the transverse joints was particularly 
severe in three successive sections of the New York State 
Thruway between Canastota and Syracuse. All were constructed 
in 1950 with Onondaga aggregate from the same source con- 
taiming less than five percent chert. Nevertheless, the 
chert has been regarded by some engineers as having caused 
the concrete to “grow" and spall at the joints. when in- 
spected, however, the joints did not appear any "tighter" 
than the transverse joints in other pavements included in 
the survey. Moreover, there were no signs of map cracking 
or other evidence of an alkali-aggregate reaction. Con- 
sidering the small amount of chert contained in the agg- 
regate, it is concluded that the distress is due to other 
PRCUOTH as ales” . 


Had the investigator thought about the problem in a little 
more detail, 
he may have reached a different conclusion. 


Pavement 


Transverse, joints are actually contraction joints and as such 


allow no room for expansion of the concrete pavement; therefore, 
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all transverse joints would look the same whether the pavement 
was expanding from alkali-aggregate reactions or not. The best 
place to look for evidence of pavement expansion is at the 
expansion joints near the structures. We'll see numerous examples 
of pavement expansion problems later on. The normal way for 
contraction or transverse joints to fail when they are under 
compressive stress is by spalling or crushing which is exact- 


what the 
aye ' investigators found in the field. 


Finally, it is rather surprising that no effort was made during 

the field survey portion of the report, to obtain cores from 

any of the pavements arid structures exhibiting distress char- 

acteristics similar to those associated with alkalli-aggregate 

reactions. I$ is however, in keeping with the overall tone of 

the report which tends to give one the impression that the 
department 


just could not believe alkali-aggregate reactions 


were possible in New York State. 


Although New York State has failed to associate our Onondaga 
cherts with alkali-aggregate activity in our field concrete, 
this does not seem to be the case in Canada. In an article pub- 
lished in 1966 in HRR#124, Ingham and Koniuszin discuss prob- 
lems in Canadian concrete incorporating cherts from the Bois 
Blanc Formation, the lower most Devonian present throughout 
much of southwestern Ontario, Canada. They note that the Bois 
Blanc Formation is similar to the lower Onondaga Formation 


of New York State. 
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The concrete distress is believed to be attributable to alkali- 

Silica reactions. The severe pattern cracking of the concrete 

seen in the photo on page 51 of the report, is very similar 

to distressed New York State concrete incorporating cherty 

aggregates from the Onondaga Limestone rock formation. At the 

bottom of page 50 they make an interesting statement; 
".....Thin sections indicate alkali-silica gel occurs in 


minor amounts in these concretes but surface exudations 
rarely show more than a trace amount of silica.....” 


The point here is that alkali-silica gel deposits are often 
very difficult to locate and identify. Because of the import- 


ance attached to the identification of réaction piroducts in 

distressed concrete samples by the Department, it is a point 
I will emphasize throughout this report. Over the years the 

Department has insisted that unless gels can be found in the 
concrete, they will not conceed that the alkali-aggregate 


reaction may have taken place. 


Besides the proven reactive siliceous Onondaga cherts, I consider 
at least the siliceous Pennfield member of the Lockport Dolomite 
rock formation of western New York as reasonably suspect  be- 
cause of its association with so many of our similarly dis- 
tressed bridges. Back in 1958 Richard C. Mielenz in HRB pub- 
lication 616, listed siliceous dolomites among the most im- 
portant deleteriously reactive rocks. This major concrete aggre- 


gate source has never been tested for alkali-silica activity! 
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Late in 1963, RR 63-3 entitled"Gharacteristics of Various 
Aggregate Producing Bedrock Formations In New York State" 


was completed by Dr. James Dunn for the department. The 
rock formations studied were; 


- The Nedrow Mem ber of the Onondaga Formation. 

- Five members of the Manlius Formation. 

- The Cobbleskill Calcareous Dolomite Formation. 
- Six members of the Lockport Dolomite Formation. 
- The Pamelia Limestone and Dolomite Formation. 

- Catskill Graywackes. 


OW FW Nr 


A total of 79 fifty pound block samples were obtained from 
various quarry faces. Each sample was selected as carefully 

as possible so as to be truely representative of each 
megascopically distinct unit. Dunn recognized the shortcomings 
of this sampling procedure but considered it a reasonable conm- 
promise in view of the costs involved, time pressures and 


anticipsited utilization of results. 


The rock formations. studied in this Tapes covered a wide range 
of chemical and mineraineis types. They varied from almost 100% 
calcite to almost 100% dolomite, from sandy carboriate rocks, 

to clay-rich rocks. Some of the more important findings of the 
report are as follows; 


1. Two rock cylinders produced excessive exparision (1.3%) 
when immersed in a 1 molar NaOH solution for 8 weeks. 
One cylinder was from the Beekmantown member of the 
Theresa Formation of Northern New York. The other 
cylinder was from the Pamelia Limestone and Dolomite 
Formation of the Black River Group that extends into 
Kingston, Ontario, Canada. Both the Beekmantown and 
the Pamelia are argillaceous dolomites. 

In neither case was Dunn able to prove that dedolomitiz- 
ation had taken place since he could not verify the 
presence of Brucite (MgOH) by x-HRay analysis. 
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2. On page 167 he makes additional comments on the results 
of the NaOH tests,".....14 of the 15 most reactive are 
dolomites and many are siliceous....... The consistently 
large pH changes in the Oak Orchard......and the Penn- 
field.....members of the Lockport formation may be sig- 
nificant and suggests a likelihood of some sort of 
"alkali reaction" with solutions in portland cement....." 
On page 149 he recommends ".....Al11 siliceous rocks, 

dolomitic or argillaceous rocks,should be tested for 

chemical reactivity.....” This has never been done. 


3. On page 146 Dunn listsseveral rocks other than the 
Beekmantown and Pamelia that he considers chemically 
suspect. These include both the "C-Unit" and the Eramosa 
Members of the Lockport Formation, parts of the Elmwood 


member of the Manlius Formation, as well as the Clark 
member of the Manlius Formation, 


Clearly, Dunn had considerable reservations about the chemical 


activity of many of the aggregates studied. 


Before leaving this report let me outline the testing technique 
used by Dunn to determine the potential chemical reactivity of 
the tapered #" by 1" or 2" dolomitic rock cores investigated 
under RR63-3. 

",..-e-When the sample had attained a constant length as 

indicated by a length change of not over 0.1 to 0.2% 

for one week, the water was poured off and replaced 

with 1.0 Molar NaOH to cover the sample. The sample 

was again measured at weekly intervals until the 

Significant expansion stopped, or the sample had shown 

no expansion after five (5) weeks. Significant expan- 


sion was considered to have ceased whien the rate of 
expansion declined rapidly....." 


In light of todays knowledge, Dunn's work involvirig the 
testing of many New York State argillacecus dolomitic lime- 
stones for chemical activity can only be considered as one very 


small step in the right direction. 
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Much has been learned about alkali-carbonate reactions since 
Dunn completed his work in 1963. Many investigators through- 
out this country and in Canada, have made exhaustive studies 
of numerous carbonate rocks of the Ordovician, Silurian and 
Devonian systems. Here in New York State, these rock systems 
are for today's purposes, best typified by the Pamelia 
(Ordovician); the Lockport (Silurian); arid the Orariaes 
(Devonian). It 1s reasonable to believe that if other agencies 
have experienced problems with aggregates! from these rock 
systems, we too may be etperiencing the same problems. Dunn's 


two reports strongly suggest that this is) the case. 


Over the years, agencies such as the U.S.Corps of Engineers, 
have developed criteria fot the recognition of potentially 
harmful reactive carbonate rocks. Bryant Mather in the same 


NAMCA 1975 report méntioned earlier states it as follows; 

",..e..-a) When petrographic examinations are made accord- 
ing to CRD-C127 of quarried carbonate rock or of natural 
gravels containing carbonate-rock particles, adequate 
data concerning texture, calcite-dolomite ratio, the 
amount and nature of the acid-insoluble residue, or some 
combination of these parameters will be obtained in order 
to recognize potentially reactive rock. Rocks associated 
with observed expansive dedolomitization have been found 
to be characterized by fine grain size (generally 50 mi- 
crons or less) with the dolomite largely present as small, 
nearly euhedral crystals generally scattered in a finer 
grained matrix in which the calcite is disseminated. The 
tendency to expansion, other things being equal, appears 
to increase with increasing clay content, from about 5 to 
25% by weight of the rock, and also appears to increase 
as the calcite-dolomite ratio of the carbonate portion 
approaches 1:1. 


b) Samples of rock recognized as potentially reactive by 
petrographic examination will be tested for length change 
during storage in alkali solution in accordance with CRD- 
C146(ASTM Designation C586). Rock characterized by expans- 
jon of 0.1% or more by or during 84 days of test by CRD- 
146 shall be classified as potentially reactive. 
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c) If adequate reliable data are available to demonstrate 
that concrete structures containing the same aggregate 
have exhibited deleterious reactions, the aggregate shall 
be classified as potentially reactive on the basis of its 
service record...e.." 


In essence, Mather outlines three logical steps; a) try to recog- 
nize problem carbonate aggregates by their physical and chemical 
make up; b) test the ones that are suspect; c) classify aggregates 
as reactive based on their service records if the record warrents 


it. The first step in the process is by far the most difficult. 


It implies that the examiner is well qualified 

to perform the examination,and that he, or she, has the necessary 
equipment to perform the examination in the detailed and metic- 
ulous manner it requires. Even more important prehaps, is we 

must make sure we understand that "step one" in no way re- 
stricts the petrographic makeup of reactive carbonate aggregates. 

If you consider it carefully you will see it only offers guide- 

lines for the petrographer. We will appreciate thfs'a little 


better later on. 


The secorid step, a straight forward testing procedure, is simple 
to understand. The important point, howevér, is that it contains 
a specific limitation on the expansion of the rock cylinder in 


Even the VU. $. Corps of Enss. 
a set time period. The ASTM spec fails to do this. | avest 
procedure may have to be modified for some of our New York 


State aggregates, as we will see later on, 


25 


eae eniawats 


© a 


4 ¢ 
se OP 
os 7 * 

. a 


* 


pin, 
* 


tea 





Sia 





i “A 


“ 
4 


ae vin my, et 


Le 

ox ietiewn ory eae 
Syotuns | ted a Be estnlalses. 
‘ems’ 9 } ¢earo teoeer Pei 
f af aft Te ay. oem Wiz ¢ 8 fit 













th 


: ae 












ino 


938 


we , ' oa . 


-erete Laatnol eat? tonblaue “rong off sf 
s : ° 4 


a 
‘ fc eid Yd setaootase sveroe tas : 
~ * ° ek. > 4 2 : isn 2p 25T «4 > Je b 
shyone: soltisa wht oo decad 
- f *taeoo0t¢ eft of gets Te 
i see » 
i ke eee 
; hire wo/ tentang aft: ato’? og 
guxe sn? mito ted 5d Sersat er 
: é '" i. y ‘s ps & <) ~ oe my ce ne + : er ateaa oud, 9 
"SG Sif Pdapdai9s Su O'=RE <a 
, cy stem olLdgn rari e4 
5 Tise “so 3! tebilensa 
: ; ' Seeeigernnet tog ond! 
-no tsdai ts 
i Sine P 
‘au 
babhoty gtitest Peewtot gagierts ® +qote “Baooes” 
ge a 
- 
on .trteg tm qa eat . band arte zo) 
: ot 7 
s " te 
bs 12 Yo Neotevagke ‘ed? no wets sad tees ttle 
4 A - . . 
snin* ob of elie? cosas RTA on? Potneg "aad 
af e rire ey 7 a7or ~~ * | Pestibow a Bett, 






# 


je etel aoe or, 


The third step, the classification of aggregate sources on 
the basis of their Bervice records, is the simplest of the 
three. In essence, this is what we are doing today. If our 
field concrete exhibits deleterious alkali-aggregate char- 
acteristics, then the related aggregate sources must be 
deemed reactive. It is totally illogical and naive to insist 
the aggreagtes Banos be reactive because they- aren't sup- 
posed to be! The greatest difficulties arise in identifying 
individual chemically reactive rock layers indigenous to 


otherwise innocuous lithologic formations, 


On pages 161 through 164 of RR 63-3, Dunn includes the Norm- 
ative Analyses of 87 rock samples. It includes rocks that vary 
from almost 100% dolomite to 100% calcite; from sandy to clay 
rich carbonate rocks. His work, extensive as it was, is not 
sufficiently accurate nor detailed enough to permit us to 
assign potential reactivity values with any reasonable degreé 

of certainty to the examined lithologic rock formations. Indéed, 
the sampling procedures followed, precluded the inclusion of 
many transitional carbonate rock layers that may well be more 


reactive than the sampled “typical rock types"! 


With the wide range of New York State carbonate rock types ta 
chose from, it is little wonder that Dunn found two samples that 
produced excessive expansion when immersed in NaOH, It is 


rather surprising he did not find more than just those two, 


particularly in light of the experiences of our Cariadian neigh- 
bors who utilize lithologically similar céirbonate rock form- 
ations. 


@) are 3o7 


One Canadian investigator, Mrs. Ludmila Dolar-Mantuani, has been 


investigating various carbonate rocks for almost 15 years! At the 


time her article entitled "Late Expansion Alkali-Carbonate Rocks" 


was published in HRR #353 in 1971, she had been testing rock 
cylinders from the Black River (Gull River) Group of the Middle 
Ordovician System in Ontario Canada for more than 7 years ina 

1 Molar NaOH solution. This is the same rock formation that pro- 


duced Dunn's expansive Pamelia sample, from northern New York. 


Her 1971 article was an extension of her earlier work published 
WR te carbonate 

in 1964 in HRR #45. It was then that she first classified rocks 

from the Black River. (Gull River) Group, as either nonexpansive, 

minor expansive, or as an early-major or late-major expander. 

The categories were based on the amount of expansion shown by 

the individual rock cylinders regardless of the time period 

involved. Late and early major Proatiees Weve separated on the 

basis of their expansion curve characteristics. 

QA He 35% 
Carbonate rocks were classified as non-expanders if they failed 


to expand more than 0.1%. 


Those that expanded more than 0.1% but less than 0.4% were 
classified as minor expanders. Please note that the term "minor" 


does not mean the rocks are innocuous. 
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Major expanding rock cylinders are identified as those that 
expanded more than 0.4%. The difference between an early- 
major and a late-major expander can be seen in their graph 
curves. lLate-major expanding rocks characteristically con- 
tract fot very lengthy periods of time, commonly exceeding 6 
months of more, before they begin to expand. Dunn's testing 
procedurés would not have detected carbonate rocks in this 


classification. 


Mrs. Mantuani points out that only the early-major expanding 

rocks were fully capable of detection in the first 5 weeks of 
testing. You may recall that Dunn used a 5 week test period. 

This is the only group that did not significantly contract 


initially. 


Some minor expanders contracted for more than 12 weeks before 
expanding, hence, Dunn's testing procedure would not have de- 


tected this problem either. 


Mrs. Mantuani makes the important point that minor-expansive 
rocks, as well as both early-major and late-major expansive 
rocks may be found in the same quarry! And furthermore, all 
three types may have the same range_of petrographic properties! 
Arowever Terviany Chav & ale ercep tint Goma lotlawcr 
at is worth noting that most late-major expanders were charac- 
terized by a dolomite content of between 75 and 85% of the 


carbonates, and an acid-insoluble content of between 20 and 


50%. 
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As I have already noted, the rocks tested by Mrs. Mantuani 
as well as the Pamelia and Beekmantown formations tested by 
Dunn, form part of the Ordovician Hock System, The Ordovician 
system extends from Canada into New York State and is quarried 
in Iowa as well as in Virginia. Both Iowa and Virginia have 
experienced expansive problems in concrete incorpor- 
ating aggregates from the Ordovician system. . 

@2) py rve al 
Finally, in an article published in HRB bulletin #275 in 1960, 
Swenson and Gillot describe some of the characteristics of dis- 
tressed concrete containing expansive aggregates of the Black 
River Group in Ontario Canada. They indicate the surface of 
the concrete is heavily cracked. The interior of the concrete 
contains rimmed aggregates. Some of the rims are narrow and some 
are quite broad and well defined. Many of the sockets from 
which aggregates had been removed showed slight brownish stains. 
Freshly broken mortar surfaces had a slightly chalky appearance. 


Only a very small quantity of silica gel could be found in the 


distressed concrete. 


Most of these features are visible in the samples of distressed 


concrete I have here today. 


mension 


Before proceeding on to our gravels, let me an acceller- 

ated test method advocated by P. Smith of Canada, for testing reactive 
carbonate rocks. By using a fortified cement of 3% alkali content to 
make 3"x4"x16" concrete prisms, he was able to detect expansive Carbonate. 
aggregates in 21 days time! Smith's test procedure should be employed 


by the Department at least in the early stages of any future 
carbonate rock investigations. 
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The gravels of western New York constitute another major source 
for concrete aggregates in this geographic location. To my 
knowledge, no investigations have ever been made by the depart- 
ment to determine the potential reactivity of our gravels. De- 
partmental records indicate these gravels contain Graywackes, 
Quartzites, Granitics, Limestone, Dolomite, Chert, Siltstone, 
Red Sandstone and Calcareous Sandstones. Petrographically, they 
reflect the influence of the Canadian aggregates tothe north, 
and,gour own state aay PR eae Quite naturally, concrete 
incorporating our gravel aggregates, deteriorates in the same 
manner as concrete utilizing aggregates from our bedrock form- 
ations. It is reasonable to expect that both alkali-silica and 
alkali-carbonate reactions can occur in concrete incorporating 
gravel aggregates. 

© 
In an article entitled "Alkali-Silica Reactive Rocks In The 
Canadian Shield", published in HRR #268 around 1969, Mrs. 
ludmila Mantuani discusses the deleterious expansion of concrete 
incorporating sands, gravels and rocks in an area some 200 miles 
north of Toronto, Canada. This was the first time alkali-silica 
reactions had been reported in the Province of Ontario, or in 
the Canadian Shield. ASTM C2 th uick Chemical Test ailed 


to indicate their reagtive nature. 


The reactive aggregates were identified as varved argillites, 
graywackes and quartzites. Field concrete samples contained 
copious white deposits of calcite and partially dehydrated 
Silica gel. Gel deposits were most frequently associated with 
the varved argillite particles, rarely with the graywackes, and 


hardly ever with the quartzites. The gel deposits were colorless 
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and transparent, or white and porcelaneous, ~ concentrated 
primarily in the abundant voids in the concrete. In all cases 


the gel deposits were difficult to detect. 


G2) (Show Gr trnparien preter . Seoitel bach he 31 F Aya te 3 ) 
Se GAT, . 

> 

14) 


She points out that a mortar bar containing 7.5% air voids, had 


Sv 


half of the voids filled either partially or completely with 
gel before final cracking took place. This is the first firm 
evidence I encountered that supported my long held belief that 
air-entrainment may slow up the resultant distress of alkali- 
aggregate reactions, but it will not prevent it from taking 


place eventually. 


Let me take a moment now to quickly sum up what has been established 
up until this point in my report. It has been shown that almost: 

all of the Onondaga cherts are reactive according to NYSDOT own 
research. We also have every reason to believe that at least 

some of our dolomitic limestones are reactive, as are our sili- 

ceous dolomites and gravels, Hapedtaiiy is the western 

sectionsSof the State. From what we have seen so far of our distressed 


field concrete, its physical appearance closely resembles that of 


the Canadian alkali-aggregate affected concrete, 


If we knew precisely what maximum cement alkali content could be 
tolerated by our reactive aggregates without producing deleterious 
expansion in concrete incorporating these aggregates, and if we 
knew for a certainty that cement containing alkalies in these 
quantities has been used in conjunction with the reactive aggre- 


gates to produce concrete in New York State, we could in good 
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conscience conclude that in all probablity alkali-aggregate re- 


actions have occurred in New York State concrete. 


To begin with then,it should be perfectly obvious to all of us 
that we have no idea what the critical alkali content must be; 
for the simple reason that not all reactive aggregates have 


! 


yet been detected and tested. Only then will we be able to set 


an alkali limit for the aggregate in question. 


But there are some known facts that can help us in this dilemma, 
The first thing that comes to mind is that any number of agencies, 
states and countries,have found the ASTM limit of 0.6% more than 
adequate for the task, In some very exceptional cases, lower limits 
have been needed to control the problem )and it is possible that 
this may be the case for us here in New York State. But if that 

is true we would,most unfortunately, start looking for cements 

that exceeded a much lower critical alkali content. I used the 

word “unfortunately” for the simple reason that more cements 

will exceed the lower limit, say05%, than will exceed 0.6%, thereby 


making the problem more difficult to control. 


Should we be fortunate enough to eventually determine that our 
problem can be satisfactorily handled with cements containing 
more than 0.6%, say 0,7% as was hastily and wrongly determined 
under RR 64-6, our cement problems would be lessened for the 


same obvious reasons. 


32 





= ho oe 





















y a Tu ie yas 
, sanding 
, 4a Cia oF agttods thsoetteg sik 
rr Se 
i Scent ined Liedglia faoigixnea ont ae Baht. 
: ; at os 
atone sviisaue Cie Jo sade, aonses abort, 
‘ 7" 
ida of aw [iiw ward vino nated bts bedeidae ale 
* . Ae at 
.ooltseuy af atepotenecedd ro) Piet: Hoes 
i * 7 
ais isc ceo Je4¢ efoad aol saos eA 
x 4 ' Jy of Bemos Jar? yates 3a 45 
_ 
aX 7 a ! i & 7 ¥e Ws ney iOoT: 9, Van as : <3 7Hn00° Bi 
: > be r e250 ta Xen. Rilw 107 s 


| ) Tastace oF hebssa. — 


7 ; : ~ 7] ryt * 882 > ase =a = 


7% (tig? TRE tao gb om 


‘9 tlhetiile Faoljl«¢u sewei foun 6 “hades 
wt 


oven geds ¢ xos cloatle edt 26° + ehh ielesan 

odaciene: an | , sod? ,kUOuon .ddmtt qowol-ony pesnme ee 

; a » 

tan oof Jigvbirise s308 geidoge ond oF : 
: aot ant 

: a eV 

Dita wh > ni 


uy 


i ei soa yYilautaevs oF i yugte svanui90} Foal 
ras 


a. ab Yignec fon (iiJ8e0 ane 8s aN Q aoe a ee 4 ; 
) cas 


asane adhaned ATin belpoaen oh $303 ‘oats tae 









=< 
ree 


m0 Te oa 
f ‘a 





In view of the fact that we haven't any golid evidence refuting 
the assumption that the maximum safe alkali limit is anything 

other than the worldwide accepted 0.6% limit, it 1s reasonable 

to accept 0.6% as the critical alkali limit at least on an interim 


basis. 


As noted earlier, the department's own research flatly states 
that State cements with alkali contents of 0.7% have been con- 


monly used with reactive aggregates! This implies that cements 


with more than 0.7% alkalies have been used less commonly! 


And why not? Cement manufacturers are in business to make a profit. 
Would you supply a Cadillac if the customer was happy with a Vega? 
Let me say again, the department has nevér had a general cement 
specification that limited the alkali content of Gements to 
be used with reactive aggregates. MacAlpin tried in 1964 as did 
McClean in 1971, but nothing happened. without this specifica- 

has 


tion requirement the department no legal means of 


rejecting State cements on the basis of alkali content! 


It would appear that even the actual determination of the correct 


alkali content of a given cement is open to debate if what we 
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read in Appendix F of Dunn and Ozol's interim report on “Dele- 
terious Properties of Chert” is typical of what may happen. 

It states on page F-1 that the alkali content of the test 
cement was reported to be 1.06% by the supplier, but was re- 
determined to be 0.89% by the State! A difference of almost 
20%. It immediately raises the question as to who was right, 
and why such a large discrepancy occurred. If neittier the 
supplier nor the State was wrong, which is also a possibility, 
prehaps it indicates the variation that can occur in any given 


cement grind. 


In this regards, let us consider the comments of Ozol and Newlon 
in an article entitled, "Bridge Deck Deterioration Promoted by 
Alkali-Carbonate Reactions", published in TRR#525 in 1974. 

On page 56 of the report they say; 


"..eeeplant analysis supplied by the cement producer for 
the period of construction, indicate a total alkali 
content between 0.45 and 0.55 percent expressed as Naj0 
equivalent. In addition, data from random samplings 
from various construction projects during this period 
~eeeShow that 80% of the samples from the cement source 
were between 0.40 and 0.60 percent total alkalies. The 
remaining 20% were greater than 0.60% alkalies, although 
in general the cement would conventionally be referred 
to as "low alkali"(sic; by the cement companies)....." 
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/ Tf we are truly to understand and appreciate our alkali- 


Eig ot ay Sane eee bet erm oes 
aggregate problems, we must have some basic knowledge of 

cement manufacturing problems. Contrary to the ideas of many 
laymen and more knowledgeable departmental personnel, the 
cement manufacturing process is considerably less than an 

exact mathematical science! It involves the manipulation of 
calcareous and argillaceous materials that are quarried then 
crushed to a predetermined fineness, then combined on the basis 
of their chemical compositions, and run through a mixing 

device into a calcining unit where the mixture is heated to 
incipient fusion to produce a clinker containing the desired 
chemical composition. The clinker may be ground with the aid 

of certain additives to produce a finished product with other 


desired characteristics. 


It is small wonder that the final product is subject to some 
amount of variation! The varying nature of the raw calcareous 
and argillaceous ingredients pose a considerable problem to 

the cemént chemist as it is imperative that he maintain certain 
ratios of the raw material ingredients as constant as possible 


if the final product is to contain the desired qualities, 


© 


PRP #10 entitled "Uniformity of Cements" was published by the 
department in 1962. é study was undertaken to determine just 
how much our cements do vary. The statistical data upon which 
the conclusionspf this report were based, were obtained from 
the records of the State of New York, the State of Penn. and 


nine (9) selected cement producers. 
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Although this research project was undertaken during the same 
Hime period that the department was investigating our 
-Onondaga cherts, no information was collected and included in 
the cement report as to the range of the alkali contents of 
the cements studied. One might conclude from this, as I have, 
that the department did not believe alkali-aggregate reactions 
were of any consequence in our New York State concrete mixes, 
and they were only interested in comparing these cements with 


their current cement specification requirements. 


In the section of the report dealing with the cement manufact- 
uring process and the type of fuels introduced in the cement 
kiln during the calcining operation, on page 40 it states; 


"....ePulverized coal is used extensively in the North- 
eastern states, and exclusively in the nine subject 
plants. In his discussion of the effects of coal on the 
burning process, Lea (10) states: 


The ash of the coal used for firing a rotary kiln combines 
with the raw mix during burning and thus causes some al- 
terations in its composition. The ash consists mainly of 
Silica, alumina and ferric oxide. It is apparent that the 
coal ash causes quite a considerable change in the com- 
position of the clinker. In practice the composition of 
the raw mix is adjusted so as to allow for this change. 

It is commonly found that about two-thirds of the ash is 
taken up by the clinker and abottt one-third passes out 

of the kiln with the gases....." 


At the time Lea published this information back in 1956, he may 
not have appreciated the importance of the sodium and potassium 


offer individuals such as 
contents of coal as did,Blanks and Kennedy, If he Pat ne would 


A 
surely have included the information that they too combine with 
the cement clinker, and thereby increase the alkali content of 
the cement above the quantity inevitably contributed by the 


argillaceous and calcareous raw materials. 
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With the advent of present day energy problems and increasing 
demands for better air-pollution controls, we can only expect 
that cement alkali contents will rise, as various manufacturers 
switch from scarcer fuels into coal and attempt to conserve 
energy costs while minimizing air-pollution problems by return- 


ing flue gases during preheater operations. 


Canadian cements are notorious for their high alkali contents. 
They normally run between 0.8 and 1.0%. These cements are ex- 
tensively used in western and central New York in combination with 
our reactive aggregates.to produce substantial quantities of 


our commercial concrete. 


Too sum up then everything we have discussed concerning the 

alkali content of State cements, both commercial and DOT approved, 
Common 

we can teasonably conclude that our State cements exceed 

the ASTM limit of 0.6% alkalies. And therefore they are fully 


capable of producing alkali-aggregate reactions in much of our 


State concrete. 


As we have already noted, the restriction of cement alkali contents 
may create serious problems for some cement producers. Indeed, some 
may be unable to manufacture cements with less than 0.6% 
alkalies. For these reasons low alkali cements sell at 3 premiun. 
Today, regular cement sells for about $8 a barrel. Years ago, low 
alkali cement cost 50% more a barrel. Even if it costs 20 times 
that now, it is still cheap insurance. N.Y.State concrete using 
14 bbls of cement per yard costs approximately $300 per yard 


to place and $500 a yard to repair. What these costs will be 15 


years from now, is anybody's guess. 37 
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And now I would like to go into the subject of identifying 
alkali-aggregate type reactions in the field, a little more 
detail than what has already been noted. The form of concrete 
deterioration seen in this slide of a reinforced concrete 
pipe manufactured in 1966 incorporating coarse aggregates 
from the Onondaga Limestone formation near Phelps, N.Y., is 


typical of the concrete distress we are considering here today. 


The surface of the concrete is severely cracked. The cracks 
are quite narrow, seldom exceeding 1/8". Heavy exudations issue 
from the cracked portions of the concrete. A distinct tanish 
stain, similar to the color of a deer's hide, covers much of 
the affected area. No popouts have developed in this example, 


but they do occassionly show up in some of our other concrete. 


If we break off a piece of the distressed concrete and let it 
dry out for a moment or so, we find the interior contains 
white chalky deposits and many rimmed aggregates. Small voids 
in the concrete are often lined with a gray lustrous material. 
Quite often, particularly in our gravel concrete, the socket 


from which reactive particles have been temoved contain a brown 


stain similar in color to the surface stiaains. While the stain on 


the surface is powdery in appearancey the socket stains are 


sometimes filmy and quite flexible when first detécted. 


Proof that the distress was due to the occurrence of expansive 
forces within the shell of the concrete pipe, will be given 


a bit later on. 
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By and large, central and western New York alkali-aggregate 
reactions are not recognizable in our field concrete, at 
least not to the casual observer, until the concrete is be- 
yee nitable 


tween 5 and 20 years of age, with the majority,at or around 


the 12 to 16 year mark. 


Of all the alkali-aggregate manifestations we have just dis- 
cussed, I find the tan stain to be the most interesting. In 
the overwhelming majority of cases, it is the first Sign, 
visible to the unaided eye,that positively indicates 
alkali-aggregate reactions are occurring. The stain may appear 
on the surface of the concrete as a blemish, either before 
any visible cracking is noticeable, or as the cracking is 
progressing. It is found on vertical and horizontal surfaces 
subjected to cycles of wetting and drying. The most vividly 
usually 
colored stainsgoccur on our southern exposure concrete, Ihe stain 
is associated with reactions involving our gravels, cherts 


and dolomites. 


To the best of my knowledge no one has ever identified the 
chemical nature offihe stain or where it comes from. 1 sus- 

pect it may be iron that is released from either ¢lay particles 
such as iron-serricite, or from iron compounds attached ‘to 
dolomit# crystals. I first associated the stain with our 


alkali-aggregate problems back in 1961. Since then I refer 
H 7 ; 
to it as the Pratuch Effect!’ 
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I do not claim to be the only person to ever associate tan 
or brownish stains in and on concrete, with alkali-aggregate 
reactivity. We've already noted their detection in Canadian 
concrete. And I believe Bryant Mather referred to them as 
brown tarry spots while studying some mortar bars containing 
reactive fine aggregates. Calvin C. Oleson wrote about them 
back in 1963 in a PCA report entitled, “Abnormal Cracking 
In Highway Structur Sead ebaaks & Alabama“, Prehaps C.A. 
Carpenter, Acting L535, ae Research Division, BPR 
had the same brown stains in mind when he referred to them 
in his letter to Malqom Graham dated Dec. 3, 1963. Carpenter 
referred to them as “Shippey Spots$ and noted that they were 
invariably associated with alkali-aggregate reactions in the 
southeast portion of the United States. 
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The presence of sdmany rimmed aggregates in our distressed 


concrete is positive proof that chemical reactions have taken 


place.while the aggregate was embedded in the concrete mass. 
In the case of gravel aggregates, there is the possibility 
the rims were present before the aggregate was incorporated 


into the concrete, but as Bryant Mather points out, there 


is no ambiquity about the presence of rimmed crushed stone 
ageregates in concrete. They can only have resulted from 


chemical reactions after the crushed stone particle was in- 


troduced into the concrete mix. 


On several occasions earlier in this report I mentioned that 


the department has failed to recognize our concrete deteri- 


a 






-_ 
3 


ei Aas 
as i aon 


“wap steals spi hei bra 4 egh 
uct , al pea det noth doas ob thang. poss qbeteta ey" on 


yr | ae ugg od boeve’t at: af eoietitenrss » sretted ¥ whe 133m 
; at ae ae 
a cea | yhkinlasneo ete teitosh epee oabeburs. olire e etous e sah mt 


























owe 
538 
rae 
a 


ay rier OS 
tuatn afetw gone lo Qo mtgias (eSlegotgE4 ml sts 


Ly 


‘ougo Seanonda"  ,Settivae txegen A0L @ af £801 “at 


t ae 
amen) 


ses owe ™ ome 4 ; 

f x . re 2&4 & = i oa. _-* ore Tu bs ‘ ’ ‘3g Yaw bbe 
an (vex , ans 

& Soeqs So 


iW. ,sciaivs dT sopeeteR ,cielrecen 2st, gBitsoe ee 


rrs° ot of panw bate ond eplete cwort’ siee BAe 


; ¢ m , 4 a Se i : a 
c a8 be ten aaNet Begian Oy bat a argh ; 
* é 4 f 


oj. Y rendude * eS ortari 3 De pavrets 


, os 


> ee tiw Jove laOees 
’ ; ' alizxean 
: ‘  ) aT 3 Tne 4 say 
| 
a 


f bhadmag e6w .oJt sores ga mit ttle ad 
; ia . [hel 
‘ a 
aM hes weard cf St ons «SS lage taee (ovety! 46 oe 
: baci 
bey 1ogat . steysudue od s1oked hppa iin! rete ‘ 


Y fe 


; . - ad 
‘ytowte. fitness, Rees «tT 2. G0 seb a. wots sass 

ls ; P a BA ‘ne 
mov tT hei lvaer aver {lod Neh. yer .e)egocoo a ; 3920n ; 
Neha 0 ‘ im ‘uP { 
A onl sav sfoaieteg stots Eshawts ong 2923's snolioces feo. 
= | iy tae 

‘ : : 7* : - - 7 : ms 

| | wake eF¥tons smd 3 vet Be 994 


-_ g y ! | A 
« ‘ ‘ " C 
oT ON oye ! , } ) A ey #6) ¢ see 
aos Fj ; d » 
ys at ral ’ 
} é - ; ‘ P 7 7 

ia ’ “al 


a 
age 


7 


Pian ben os stom | txt aot alc wt tet era 


- aefered: Herne we a bai 
re 1h: iT . a. eb ; a ie at tae ere) sy ves aby 


a " - r] 

H 7 % >. oa ae 
7 : , Z > + Se Vis is 
ae, Bat! Te eee sa 








a 


oration problems as alkali-aggregate related because the depart- 

ment could never find silica gel or gel relics in any of the 

distressed concrete. Again as Bryant Mather points out, silica 

gels are also positive proof that chemical reactions have occurred 
However it 16 ST) 

in_the concrete., difficult for me to understand why the 

department took such an intransigent stand in this matter. 

We have already seen that several expert investigators using 

the most sophisticated equipment,such as electron probes, ex- 

perienced considerable problems in locating and identifying 


Silica gels in field samples of distressed concrete. 


The department's position is even more puzzling when we read 
on page 3 of the fina] report on the "Deleterious Froperties 
of Chert"; 


",.+.-ebecause of operational problems experienced in pre- 


paring and analyzing the thin sections, the results were 
not entirely satisfactory and positive identification of 
the gel products could not be made. However, there is 
little doubt that the mortar-bar expansions were caused 
by the alkali-aggregate reaction....." 


There is a serious inconsistency here. How can the lack of 

Silica gels be critical in field samples and only of minimal 
importance in laboratory controlled mortar-bars? One thing is 
Clear however, the departments" techniques and equipment may 


be 111 suited for the task of Finding aud tdienfi Fe ting reaction products . 


The difficulty in locating and identifying alkalic-silica 
gels, stems from the fact that their physical and chemical 
characteristics can vary over a wide range. They are affected 
by the physical and chemical environment in which they are 


created and exist. Gels may range from a clear liquid to a 
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hardened scaley material, either white or gray in color, or 
dull and porcelaneous in luster. Sherwood and Newlon point 
out that CaC63 predominates in the X-Ray Rare reat once making 
it very difficult to identify reaction products. Add to this 
the fact that severe weathering and road de-icing salt attack 
may alter or even destroy the gels completely. And finally, 


concrete may crack long before silica gels as such are producea! 


It is small wonder silica gels are hard to detect in field 


concrete. 


Expansion of affected concrete is an implicit function of 

alkali-aggregate reactivity. But lacking data concerning 

length change measurements of specific concrete units, we will 
eagles 

have to look for other proof A ertain concrete units 

did indeed expand. In this category 1 would place jammed or 

crushed horizontal and vertical expansion joints often exuding 


compressed joint material; warped and displaced units; blow- 


‘ups; bulging and spalling. 


Mw 
£ (43) %o 


Probably the simplest examples of expansion can be found in 


many of our concrete pavements in the vicinity of our structures, 


The tremendous expansive forces generated in our pavements 
literally tear our bridges apart. In these slides we see only 
a few examples of what happens to our dad 
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While it is quite obvious from-these slides that the pavement 

had to expand in order to produce the destruction we have seen, 
4{t is far more difficult to equate our normal structural concrete 
deterioration problems with the occurrence of similar deleteri- 
ous expansive forces in the distressed structural concrete. 

This oe a group of 108" reinforced concrete pipe was taken 
earlier this year. The pipe was stored in a field in Geneseo 

New York since 1965 or'66. They were manufactured in Phelps, N.Y. 
around that same period of time. The aggregates involved are 

from the old General Crushed Stone Co. quarry in the Town of 
Phelps, Ontario Co., quarry no. 4-8R, This quarry contains 

three members of the Onondaga Limestone formation; the Moorehouse, 
the Nedrow, and the Edgecliff. All three are cherty, somewhat 
argillaceous and dolomitic limestones. They are positioned im- 


argillaceous 
mediately above theaCobleskill Calcareous Dolomite Formation, 


The concrete deterioration is typical of our structural concrete 


and does not involve de-icing salts. The steel reinforcing appears 


to consist of at least two wire mesh cages of 3/0 steel on 2" 
centers that circle the pipe. The pipe was cast with the tongue 


end (the top of the pipe as we now view it) down. 


Let us assume the shell of the pipe is undergoing a pure com- 
pressive stress as would be the case if the concrete was ex- 
panding. If we analyze the forces acting on a small Element A 

at the convex outer most layer of the pipe, we note that equilib-e 
rium is overcome and outward movement of Element A will occur, 


when the summation of the vertical components of the compressive 


44 





ee anyones Lewwiyewe Lemon we saupe oe sty Hye EXE en 






a | rf : a7 i ee ait iG soheragang oe i ee “eesidexq pes en 






teionos. Tote thptee beesendeth og? at asor0Y. av tem 








' a \ ae i =£7 

207 Stgronse beovetiifesy "Sot te, lage! e to obite ait 
; oe y ‘ . 0 a 

; oy ¢ at & - “a ie i > ~ o Ww ) e fi 3 Oe ig ‘oAt ws i 7 i : aims <8. ei; 

(tm “ , 

( } : ; a : he ; 


: } a +o ch ; oro ee r Grey s*tshy rot hae "% e? Agr Pyar vie Pd ' ra 





























¢ ay 
t i, ee " 


Z : ovr] ', rene em , anti? Bo $a tr teq deine ten? ae 


ft is ' + J : Omen cas s 7 To ¥ - =) Me 
a | 1 0M 4 yo SIOtS Berner? Lesa bo eff 


j s 7s 
| i VRISsP .6Oo Offeteo eet 
| : a . 
; an Pu, OU « Ts  » a e 
| , a. eS Yo atodas | 
‘ me ‘ ‘ Ande = : ai a 


pet ‘ wr: ry ‘3 bred iti 1 oegha aut nine aes 


of: fue Ce » bas eucess 7 T 

; ; ‘ , BOOS iff fate ce ie ee 
ii i a 3 H VP RO. aw i, I fi sidt Ne La Be a ov od2 gle: 

ae 
: : | ee 


(vi 


43. : uy. ‘(S92 2! Vol iegalrsyek sterones an 


4 "5, ra 


i. HiSE feb ste wad ion a9 ob. 
ER 


“ M : eet src fh te Cw7 ane t ‘Ie Yo #2 bei 


4 AS tw Thao’ saw wake ent * peed & ‘ene vous ant 
es AWOh (ot watw wORe aie ae atq reels phe 43 
| ‘ tek 
/ a. BP ne , Pa ; Lee 
| . So a 2 tt F' F Teeavan 2 vi saitey | oat a ieee ses 


~ x 


ie ae. ’ ~*~ ve 
ean $7 975809 ang ian sand: ald a; 


i, # iSechee £3: Ci dive’ ? Ai) aifoe eaten 


' 
ry 


ay J an re : Os #) ta Py, ‘ ae nit 
a i 3 ~f; ae i Hay ean be : . j Sony 7 * - at 3 or i ae 7 
eae ‘ eevee ces 


oft ied aan ie J wttgos “Bier ae 








"WY" AxIS 
| 











| 
| 


Outer Rpe Element %4 f 





Gy | C, 
| 
| 
2 Fy =O=C,+2C,-2Sy C, 
| 2 | 
C,+2Cay 2 ue Bs A Ile oe oe Sec Mey ay eg 





| Inner! Pre 
Element 5” 


| 
| 
| 


2 Fy=O= ZC a yt2ZSy- C, | 
C, “2 Cay ¥ 2954 


Zs 


j 


é 


ae 
‘eer "esaanonire egal is . 





forces (C1+2C2y) exceed the vertical components of the resist- 


ing shear forces (2Sy). 


A similar analysis of the forces acting on a small Element B 
located at the concave inner surface of the pipe undergoing 
the identical compressive stress, indicates that equilibrium 
is overcome and outward movement of Element B will occur 
when C4-2Coy exceeds eSy6 
When C4=C2 ,as would be the case for expanding concrete, C1+2Coy 
will always be greater than C4-2Cay3 therefore, elements on 
move 


the outer convex surfaces will always,before the elements 


onthe concave inner surfaces of the pipe. 


Proof that this oversimplification of the actual complicated 
forces involved is basically correct,can be seen in this 
slide of the interior concave surface of the pipe. Although 
it is exposed to the elements much as the exterior portion 
of the pipe, it is extremely difficult to find any visible 
Signs of distress. But if we look close,we do see that some 
cracking is evident where the interior is subjected to the 


greatest amount of sunshine. 


The heavy circumferential closely spaced steel mesh reinforcing 
at the exterior surface of the pipe restricts the deformation 
of the expanding elements along the individual loops of rein- 


forcing. Hence, we find the cracks tend to occur between 
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the individual wire strands where the expanding elements are 
less restrained. The concrete fails in shear at first, in the 
Same manner concrete test cylinders fail when loaded beyond 
their maximum compressive strength. This spall type failure 

is often found in structural units in the field.that exhibit 
distress features characteristic of alkali-aggregate reactivity. 
For example, our round reinforced concrete columns in the 
Rochester region are often fractured in this fashion. In all 
three cases mentioned, the first cracks visible to the naked 


avel 


eye are oriented perraet ce leT to the major planes of restraint. 


A 


In the simple case of the plain concrete cylinders the major 
planes of restraint are located at the two loaded ends. The 
unrestrained barrel of the cylinder deforms under the increasing 
loads until the BODE ee loads SxcegH |, the inherent compressive 
strength of the concrete, In one des | of our concrete columns, 
two separate couneean ty. stresses are involved; one from the 
live and dead loads of the superstructure that are transmitted 
through the column to the footer, and one from the expansive 
Penotlon occurring within the column, The main reinforcing steel 


in the column extends from the footer into the header beam. It 


too acts to restrain the deformation of the column concrete in 


the vertical direction, hence we can assign a secondary restraint 


plane to the effects of the reinforcing steel. These aan can be 
to be 


assumed,located at the ends of the columns also. Anat onal column 
reinforcing in the form of ties, etc., add still another form 


of restraint and may affect the ultimate concrete fracture pattern 


that is developed. In general the maio e8t1 


ped 


located at the ends of the column. ,@ QQ Q 
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In the case.of the reinforced concrete pipe,we would place 
the imaginary planes of restraint perpendicular to the 
circular wire mesh strands..The expansion forces operating 
within the pipe shell produce bending stresses as well as 
the already noted shear stresses. The bending stresses are 
developed as curved pipe elements bulge and deform to accom- 
modate the expansion forces. This results in some of the 


concrete failing in tension. 


Regardless of how the cracks are initiated, they tend to 
propogate themselves along lines of least resistance. For 
this reason we find ene them cutting diagonally across 
the main reinforcing strands, changing direction as the 
stresses in the pipe shell change. The internal expansion 
forces, rather than being uniform throughout the entire pipe 
shell as originally hypothesized, vary in intensity due to 
localized heat and moisture conditions. Hence, the more ex- 
posed areas generally expand at a greater rate than the less 


exposed areas. 


Finally, through the use of the concept of "Major Planes of 


Restraint", I believe I can explain the delamination of our 
reinforced concrete decks, that to my knowledge, has never 


been satisfactorily explained on any other basis. 
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Take any simple span reinforced concrete bridge deck having 
saakeked "LM a width "Ww", and a thickness “T". For the simplest 
case we will assume that the deck contains two-way steel re- 
inforcing of equal steel area, with one mat located near the 
top of the deck and the other mat located at the bottom of 
the deck. We will also assume the deck does not contain any 
vertical steel such as stirrups, etc. 

primary 
Under these conditions the,major plane of restraint will 
will exist at the ends of the deck. The secondary major 
plane of restraint whll exist at the sides of the deck. And 
the very minor plane of restraint will exist at the top and 
bottom of the deck. Any element undergoing expansion in the 
interior of' the concrete deck will find it easier to deform 
across the thickness "T" of the slab. ee raaeeee will 


fail in shear, Yhe dec will tend to delaminate parallel 


to the top and bottom surfaces.of the deck, 


This explanation of delaminating bridge decks answers questions 

that are unanswerable by other hypothesis. It would explain 

why we in maintenance often find deck spallS where the rebars 

are not rusted. It explains why deck spalls occur even when 

the rebars are covered by 2" of concrete. It explains why the 

concrete continues to spall from between the rebars ener ruste 

ing of rebars can no longer be a factor. And it explains why 

very little spalling pecunred on the “Ultimate Strength" designed 
f ‘63 


Elmwood Ave bridge in Rochester for many years. This structure 


f- SPAad 
is a,continuous reinforced conrete bridge built in 1963 & '64, 
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The higher stresses carried by the reinforcing steel under 
ultimate strength design principles, leads to the develop- 
ment of much wider tension cracks in the concrete than norm- 


ally occur in our structures designed on the basis of straight- 


line stress concepts. A portion of the research study of this 
the 

bridge involved a long term investigation of,effects of creep 

on these wearing surface tensile cracks. For this reason they 


went unsealed for many years. The section of Rochester in 


which this structure was built, is one of the most heavily 
salted areas in the entire County of Monroe! 


Until approximately 4 years ago, no spalling had occurred. 


TA 3 


About that time I noticed the appearance of tan stains on 


isolated fascia surfaces. Since then spalling has occurred; 


wehave Seen 
however ,as ,it is rather limited at this time. 


Taken together, all these facts suggest to me that contrary 
to presently accepted thinking, the rusting of steel rein- 
forcing exacerbated by the use of road de-icing salts,may 

not be the primary cause of our concrete bridge deck spalling 


problems! If they were, surely the Elmwood Avenue deck would 
have failed at a much earlier date. For comparative purposes 
I ee Beate Rochester Outer Loop decks built in and around 

1970 which spalled in less than four years. This is a rather 
common occurrance in our Greater Rochester Area bridge decks. 


We have several of these new decks scheduled for extensive 


repairs sometime in the near future. 
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Section 5 


Over the years the research conducted by the department, in- 


variably concluded that alkali-aggregate reactions have never 
occurred in our concrete structures or pavement Any problems 


we did have were attributed to freeze-thaw failures of a sat- 
urated porous cément paste, the lack of a proper air-void sys+ 
tem in the distressed concrete and the use of road de-icing 


salts. 


As we have already seen, these were the conclusions reached 

in RR 64-6, the final report of PRP#12 entitled "Deleterious 

Properties of Chert", completed late in 1964. 

Earlier, in late 1963, the department released RR he: a part 

of PHP #24. It was entitled, "Investigation of Concrete Deteri- 

oration In Certain Bridges In The Rochester, N.Y. Area". Included 
ct 


mon "Sy 'sSG 'F 2.5m, BOY, EL dmrti 


in the study were the Troup Howell bridge over the Genesee Hiver, 


Z 
bridge over Mt. head Blvd., the 


2 


the Hidgeway Ave bridge over Mt. Read Blvd., the Ridge hoad 

OF: bridge over Mt. Kead Blvd., 
- and the Mt. Read Blvd. bridge over the NYCRR. All of these 
structures were built in the 1953 to 1955 era. Some were built 
with air-entrained cement and some were built with regular 


cement. Many of them used natural cements on a 1:8. basis 


with regular portland cement. 


These were the very same bridges I originally had written about 
baek in 1961 when I first suggested that alkali-aggregate re- 
actions occurred in our State concrete. The department's con- 
clusion® failed to give any credence to ,ideas. No consideratiori 
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was ever given by the Department to the considerable data 

I had collected relating concrete failures to specific 

cement acceptance numbers. Unfortunately, subsequent changes 

in departmental procedures now preclude the investigation 

of concrete deterioration on the basis of the cements used. 
(75 le Pte ; 

Although RR 63-4 acknowledged the presence of broad rimmed 

aggregates from the Decew lithology, and thin rimmed aggre- 

gates from the Pennfield and Oak Orchard members of the 

Lockport Dolomite formation in samples of the distressed 


concrete, they were not considered to be of any consequence, 


You may remember that Swenson and Gillot had described the 
rims associated with reactive Kingston Ontario carbonate rock 
in precisely the same manner. They published their article 

in 1960, or three years before RR 63-4! Page 20 of RR 63-4 
says; 

",....-Neither the coarse or the fine aggregates are of 
the type that would make them susceptible to the alkali- 
aggregate reaction....." 

Possible dedolomitization effects associated with alkali- 
Eee ebnate reactions were dismissed on page 19 with this 
statement; 


".,eeeelhe staining that was performed produced no evidence 
of chemical action....." 


As we have already seen, alkali-carbonate reactions are not 


fjhat easily cetermined, 
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On page 4 of the report the "tan stains" associated with the 
distressed concrete are dismissed as follows; 
‘Sy 
"Light brown stains were noticed on some concrete of this 
bridge as well as others. These stains were noted only 
in areas exposed to moisture and frequently in associ- 
ation with incipient cracking. No significance was attached 
to these other than the fact that they indicated the 
presence of iron compounds in the drainage....." 
One would be hard pressed not to believe the Bepartment attributed 
them to anything other than the rusting of steel/ Prehaps they 
found my evaluation of them difficult to accept, but I would 
have thought they would have at least considered what D.O.wWoolf 
said about them when he first saw them. He called them the 
"fried liver effect", and said that similar stains were known 
to be assogiated with alkali-aggregate reactivity in the south- 
eastern section of the country. The Bepartment had requested 
Noolf’s assistance on an entirely different matter, but since 
the investigators were in the vicinity of Rochester they sought 
to get his opinion on our Rochester concrete problems. In fair- 
ness however, it must be said that Woolf failed to associate 
our distress with alkali-aggregate reactions as he was unable 
Conyrasan Bie Be 
to detect silica gel in pieces of concrete, examined at the site, 


Gnich as we know now, is quite understandable. Woolf by the way 


was on loan to the Pepartment from the BPR in Washington D.C. 


When Woolf returned too Washington and discussed his findings 
with C.A.Carpenter, the tan stains impressed Carpenter sufficiently 
to prompt him to include the following statement in his pre- 


viously mention letter to the Department; 
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",.e-eeThe possibility may still exist that this reaction 
(sic: alkali-silica) or the alkali-dolomite reaction, 
has had a part in initiating the distress of the concrete....." 
Nonepf these suggestions had any effect upon the Department 
either then, or later. Our concrete problems were without any 


_ ps tala es Os on the lack of proper air-void systems 


in the distressed concrete. 


While the previous report was in the process of being finalized 
, in the summer of /9€23 
by the epartment, I under took another investigation, on my own 
time and at my own expense, to see just how extensive the prob- 
lem really was. 1 made a reconnaissance survey of the New York 


Thruway overhead structures between Buffalo and New York City. 


I also checked out numerous bridges on Long Island. 


I concluded that alkali-aggregate type reactions occurred in 


many sections of the State but were most severe in the western and 


central areas of the State! This appraisal of the Thruway structures 


Consiokva ble 
made some 13 years ago, is substantiated to a degree by an 


article printed in the Buffalo Evening News on October 28, of 
1976. Let me just quote the two lead paragraphs; 

"...--Of the 750 bridges along the Thruway, the 100 or so 
between Victor and Buffalo are and have been deteriora- 
ting faster than those in any other area according to 
Thruway engineers. 


In 1975, the Thruway Authority spent $4.9 million for 11 
bridge rehabilitation projects, five of them in the 


Baffato<Divisionve.. ¢" 
oh begs 


Normally these bridges are expected to last 50 years or so with 


normal maintenance. We have already seen examples of good 


structures much older than those of the Thruway. Most Thruway 
structures were built in the 1948 to 1955 era! Person ally 
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I see no reason why our concrete structures shouldn't last for 


a hundred years or more ! 


muy 1963 
I Submitted , éisis report to my District Engineer, B. F. Perry, 


who forwarded it on to Albany. Nothing ever came of it. Quite 
obviously my ideas and findings had no supporters in the main 
office. 

Late in 1965, ae was published by the department. The title 
of this report was “An Evaluation of Concrete Containing Coarse 
Aggregate From The Manlius, Lockport & Onondaga Formations In 
Western and Central New York." These are the same aggregates 
that had been incorporated in to the Thruway structures be- 
tween Buffalo and Syracuse that I had investigated and found 

to be in questionable condition some two years before, and the 


Now 
same structures that the Thruway engineers,say have given them 


the most problems. 


Not only did RR 65-9 fail to find any evidence of alkali-aggre- 
gate reactivity in any of the structures; it failed to find 

any kind of major distress problems in any of the concrete, 

The letter of transmittal that accompanied the report extolled 
the quality of our State concrete and the virtues of our 
acceptance procedures, Unfortunately for the New York State 


Tax Payer it just was not ‘true. 


When the department issued the January 25, 1971 memo seen here, 


I thought at last we were about to finally solve our problems. 
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McLean's memo was addressed to all interested parties, and 

notified them of an impending major change in our cement and 
aggregate requirements, The intent of the change was to con- 
trol the use of reactive aggregates and high alkali cements, 


Except for the higher limit of 0.7% placed on the cement alkali 
conmteny 


’] 
_ it was fairly similar to what I had recommened in 1961, 


some 10 years earlier! The effective date of the change was 


to be January 28, 1971. They have never been put into effect! 


When I read ERD-73-RK 11, published in early 1973, I thought 
I at last detected a sign that the Department was beginning 
to appreciate the fact that something other than the lack 

a proper air-void system in our distressed concrete may be 
the cause of our problems. This report, entitled "Techniques 
For Measuring Air Void Characteristics of Concrete", involved 
the study of ninety-five 4" cores from early New York State 
concrete pavements, and 348 cores from ten pavements placed 
in 1967. The abstract of the report contains the following 
statement; 

",eeeelhe data indicated that blends of portland and natural 
cements produced concretes with levels of air content and 
spacing factors generally superior to those of plain port- 
land cement without air entrainment. However, the outstand- 
ing durability of many of both types of concrete pavements 
studied could not be attributed sqlely to parameters of 
the air-void system....." 

This is precisely the point I attempted to make earlier, in 
this report.when I said that good concrete features are not 
necessarily a function of the concrete's airevoid character- 


istics. Prehaps the Department will one day study concrete 


durability from the aspect of reactive aggregates. 
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Any hope I might have had that the Department was at least 
leaning in my direction was quickly extinguished in the 


exchange of subsequent correspondence, 
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Section 6 

107 Gravel 
And now I will run through a large group of slides depicting 
numerous reinforced concrete structures exhibiting visual 
characteristics of alkali-aggregate reactivity. All of these 
structures are in the Hochester region of the NYSDOT, They 
are arranged by age, with the oldest being built in 1907 and 
the newest in.1972. I will give the county, the date built 
and the probable aggregates involved, for each structure. 
It was common practice in the past to mix aggregates from 
different sources for economical reasons. Although we would 
like to think it does not happen today, it still goes on. 


I believe my identification of aggregate types is accurate 
and valid, bot 7 will defer % hipher authoaties ‘ 


Please notethe similarity of the distress regardless of the 
rock formation aggregates involved. Keep in mind the influencs. 
of the restraint planes and their affect on the ultimate 
cracking pattern. Note that unreinforced units generally ex- 
hibit bigger cracking patterns with deeper cracks, than the 


reinforced units do. 
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Section 7 
= ey 


©: 


The chart we see here is a compilation of those structures 

in the Rochester region exhibiting characteristics of alkali 
aggregate reactivity, The figures are quite conservative since 
many of our newer structures may not have had sufficient time 


to develop the visible features we are seeking. 
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Section 8 


This next group of slides shows that the problem extends 
clear across the State of New York. Its boundaries are yet 


to be determined. 
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Section 9 


The purpose of this group of slides is to point out the problems 
encountered in the repair of these structures. Many times they 
are initially repaired at considerable cost only to be torn down 
completely and replaced by a new intetaeer begins to deteri- 


orate in the same manner. 


Prehaps, once upon a time, such extravagant expenditures of 
the Tax Payers’ monies could be overlooked. If that time 


ever did exist, it most certainly does not exist today! 
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Section 10 TRAY #¢ 


This next group of slides contairs examples of alkali-aggregate 


reactivity in concrete other than that used by the NYSDOT. 
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Section 11 

This group of slides will illustrate another interesting phendim- 
enon we touched on earlier. It involves the relatively slow 
rusting of reinforcing steel in concrete structures thought te! 
be unaffected by alkali-aggregate reactions. Even when the 

steel in these bridges is exposed to road de-icing salts very 
little spalling occurs. Some of these structures dre quite 


old and still going strong. 
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Section 12 


Before concluding this report, I would like to make a few more 


comments on other field observations I have made. 


Generally speaking I would say the superstrugture concrete 
deteriorates more rapidly than the substructure concrete 

in our bridges where alkali-silica reactions are concerned. 
Under these same conditions, concrete pavements expand less 
rapidly then our superstructure concrete. The larger maximum 
Size aggregate generally used in both our pavements and sub- 
structure concrete appears to play an important role in the lower 
rate of deterioration. The generally cooler and relatively 
greater saturated condition of our pavements seem also to 
retard the growth of expansive pressures as far ae alkali- 
Silica reactions are concerned. And finally,pavements are 
generally placed at water/cement ratios significantly lower 


than those used for bridge superstructure concrete. 


In general, the reverse appears to be true as far as alkali- 
carbonate reactions are concerned ; here the larger aggregate 
produces the greatest amount of expansion in the concrete. 
Recent Department specification changes permitting the sub- 
stitution of Class A concrete for Class B & C concrete may 
prove to be undesireable where alkali-silica reactions are 
concerned and beneficial where alkali-carbonate reactions 
are involved. The smaller maximum size aggregate used in the 
Class & concrete would be basically responsible for this 


situation. 


OT 






















sim: 59 oabhe bivow iy werd 


.* > Sg ey at T El P “9m 3de 


: + JIN GUSTS TRS OS Kee | ‘Biue inh f gate oe ies 


i Laan 
Peal 


= og ste 7o0u7s ue afd fat ¢ —* ohge't tole wey 79 or: ‘ 
< : AS , oa . be 
WO fSoasy OCL Les ‘laabe ov 3ite amyhead we 


. iHeUuoveqg 9 T5196 hoedee hater. omaa 2,8 


eee pin >. 


Lotas Vik scy tte Rees sane inset 


72° baa cite on ige 


0. on 
ry : 
° 


~ 
4 
aly 


ot ax qudqm: 32 rca 


. 


i f ta%) Tf . By t bao > betein? ae xen 


svianeguea te didwora ont 
é ? a 
iE | , bah \Poagennes ete Etettomes * 
; : = a 


i3 ; \"etow Ja  beanty ie 


9°s T} ’ sahind t47% 
j dd of otasg¢s gute VSL ods 19% 
(t eae phatrved@oe 274 oct a 
] a lana 
somad oe nek anaras Yet nuine Suateiirg of? be: ] 
\ a 
«fiie 8 ; Theor. cates VOLT LT vege’ dive as ; 





"i 
; i 
7 yon. oe Lonee 2 8-H eeekO Zed aerate hr aan: 
18 eraltoaet i Ha at a sidan 


neldoxat . sawodaies wittes Oe 


Finally, coarse aggregates manufactured from blast furnace 
Slag are used extensively in our Buffalo area concrete 
structures. Severe spalling commonly occurs in these struc- 
tures. Tan stains, somewhat different from the normal Pratuch 
Effect, are evident on many concrete surfaces. Hence, it 
appears possible that alkali-silica reactions may have 
occurred in these structures. But it is also possible that 
Ssulpher from the calcium sulfide, present in most blast 
furnace slag, may have combined with the aluminates in the 
cement to produce expansive calcium sulfoaluminate. Several 


millions of dollars have been spent repairing these structures. 
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Conclusions 
I will now summarize what we have seen here today. 


1. A serious concrete deterioration problem exists throughout 
much of upstate New York. It involves every type of concrete 

unit including pavements, culverts, bridges, concrete pipes, 

buildings, retaining walls, etc. The problem is particularly 

severe in central and western New York. 


2. Regardless of the aggregates involved,the distressed con- 
crete exhibits similar physical features.as follows} 
a) Amorphous tan stains either on exposed surfaces or in 
the interior of the concrete mass. 
b) Rimmed aggregates. 
c) Expansion of concrete members. 
d) Severe cratking of exterior surfaces. 
e) Deposits in some of the voids in the concrete. 
f) Freshly broken surfaces exhibit chalky white materials. 
g) Heavy exudations from fractured areas, usually accompany 
the distress. 


All these features have been associated with alkali-aggregate 
reactions in various sections of the country as well as in 
Canada. 


3. The air void system of the distressed concrete has only a 
limited effect, if any, in precluding the occurrence of this 
type of concrete deterioration. 


4, Koad de-icing salts exacerbate the deterioration problems, 
but they do not initiaté the distress. . 


5. Six of nine Onondaga Limestone formation chert groups have 
been shown to be potentially chemically reactive with sodium 
and potassium alkalies contained in cement. Two argillaceous 
dolomitic limestones from the Beekmantown and Pamelia Formations 
of the Ordovician Rock System have been shown to be chemically 
reactive. Canadian gravels containing many of the same materials 
included in New York State gravels, have been shown to be re- 
active. Siliceous dolomites similar to those of the Pennfield 
member of the Lockport Dolomite Formation in western New York, 
have been identified as highly reactive. 


6. The Department of Transportation has never had a general 

specification controlling the use of reactive aggregates and 
high alkali cement, nor have cements alone been regulated as 
to permissable sodium equivalent alkali content. 


7. All reactive aggreagtes will combine with cement alkalies. 
Whether or not deterioration follows depends on the presence 
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of critical quantities of alkalies and reactive rock constit- 
uents, plus favorable environmental conditions. 


8. The critical alkali content of cements that can be safely 
combined with New York State aggregates is yet to be determined. 
The 0.7% figure determined under RR 64-6 is incorrect. In all 
probability it is much to high. 


9. The evidence is overwhelming and indicates that alkali-aggre- 
gate reactions of both the alkali-silica and the alkali-carbon- 
ate type have occurred in much of our New York State concrete. 
Some of our fine aggregates may be involved. 


10. The reaction has been with us a long time and exists today 
in our newest structures, Hence, it is clear that any controls 
attempted by the Department have not worked. 


11. If this problem is to be truly brought under control, the 
Department will have to implement and rigidly enforce strict, 
explicit and comprehensive specification requirements for our 
cements and aggregates. 


12. Finally, over the years alkali-aggregate reactions have 
cost the New York State laxpayer literally hundreds of millions 
of dollars. Tens of miilions of more dollars will need to be 
spent in the future before this form of concrete deterioration 
is brought under control. 
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Recommendations 


Some of the recommendations I am about to make are based on 
the fact that the Department has now only a very limited 
knowledge as to a) the identities of our Statewide reactive 
rock types, b) the critical alkali contents of cements pro- 
ducing deleterious expansion in concrete incorporating 

these aggregates, and c) the maximum percent Seep or 
mortar-bar expansion that can be permitted while still main- 
taining the integrity of associated field concrete. The well 
known rejuvenating effects of some road de-icing salts, may 
necessitate stricter than normal limitations on cement alkali 
contents and acceptable expansion limits in the heavily salt- 
ed areas of the State. Consequently, normally borderline 

test results may not be tolerable under all conditions. My 


specific recommendations are as follows: 


1. The NYSDOT general specifications for both portland cements 
and fine and coarse aggregates, shall be immediately revised 

to include testing procedures for the determination of sodium 
equivalent (Na,0+0.658K,0) cement alkali contents and aggregate 
reactivity. The recommended tests are ASTM C-33, C-114, C-227, 
C-289, C-295, C~342 and C-586. Tests C-227 and C-586 shall be 
modified in accordance with the U.S.Corps of Engineers speci- 
fications CRD-C-123 and CRD-C-146 respectively. 


2. All carbonate aggregates suspected of chemical reactivity 
that do not produce excessive expansion in the modified C-586 
time period, shall continue to be tested for delayed expansion 
characteristics for at least 2 years. Accelerated carbonate 
rock test procedures similar to the Ontario Ministry of Trans- 
portation & Communication'’s "Concrete Prism Test" shall be used 
to supplement the previously mentioned delayed expansion test; 
the intent being to replace long term tests with short term 
tests wherever possible. 


3. An immediate intensive field investigation shall be under- 
taken to determine; 
a) The true extent of alkali-aggregate reactions throughout 
the State. 
b) The probable aggregate sources involved. 
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4. To assist field investigators, a "Reaction Identification 
Kit" shall be assembled consisting of; 
a) Numerous colored photographs of typical distress features. 
b) Samples of concrete affected by alkali-silica and 
alkali-carbonate reactions indicating rimmed aggregates 
and silica gel deposits (if EE Facet The samples shall 
consist of 4" cubes cut from specially prepared mortar 
bars. 
c) Colored photos of what and where to look for secondary 
indicators of probable alkali-aggregate reactions. 
d) A classification chart for pavements and structures , 
based on age, to assist in determining potential 
severity of distress. 


5. Initial determination of individual aggregate source re- 
activity shall be developed as follows; 

a) Both the fine and coarse aggregate sources associated 
with field designated alkali-aggregate reactivity shall 
be initially designated potentially reactive and placed 
on the appropriate "Temporary List of Reactive Aggregate 
pources”, 

b) Immediate steps shall then be undertaken to assign the 
distress responsibility to appropriate aggregate sources. 


Aggregate sources initially determined to be innocuous 
shall be removed from the temporary reactive list and 
placed on a "Temporary Non-Reactive Aggregate Source List”. 


Nhere either gravel or fine aggregate sources are deemed 
to be reactive, the entire source shall be placed on 
the “Temporary List of Heactive Aggregate Sources”. 


Where rock quarry aggregates are designated "reactive", 
the entire quarry shall be placed on the temporary list. 
However, immediate arrangements shall be made to test 
for the degree of potential reactivity, each and every 
6" rock layer of all lithological rock formations repre- 
sented in the exposed quarry face. (The intent here is 
to see if selective quarry operations is a practical 

and economical alternative.) 


6. Final designation of the potential reactivity of all fine 
and coarse aggregates shall be determined on the basis of ex- 
‘haustive laboratory test results that are compatible with 
existing field conditions. Where discrepancies occur, field 
conditions shall always govern. 


Eventually all fine and coarse aggregate sources shall be 


assigned to either the "Permanent List of Reactive (or Non- 
Reactive) Aggregate Sources". 
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7. Approval of new fine aggregate and coarse aggregate sources 
Shall be made on the basis of potential reactivity, compatible 
with results obtained with similar lithologic deposits or 
formations. If there are any doubts as to the reactive nature 
of the new aggregate source, it shall be assigned to the “"Temp- 
orary List of Reactive Aggregates", until such time as exhaus- 
tive laboratory test results can be obtained, at which time it 
shall be assigned to the proper final innocuous or reactive 
category. 


Eaesapriority list toreune laboratory testing of all N.Y. 

State aggregates, shall be established on the basis of the 
findings of the statewide field investigations. The highest 
testing priorities shall be assigned to those aggregate sources 
found to be associated with the greatest number of seriously 
distressed structures and pavements. 


9. Research should be undertaken to determine the feasibility 
of treating reactive aggregates with neutralizing chemicals 
in "scrubber" type units. 


10. The general specifications of the NYSDOT shall be immedi- 
ately amended to require the use of Low-Alkali Cement, defined 

as containing less than 0.6% sodium equivalent - Na,5O + 0.658K50, 
with all designated reactive aggregates. Until more detailed 
information becomes available, it shall be the ONLY type of 
cement permitted to be used with all central and western New 
York aggregates. 


11. The use of mineral admixtures to control excessive expan- 
Sion in concrete due to the alkali-aggregate reaction shall be 
subject to the test provisions of ASTM C-441, 


No admixtures shall be approved for use with reactive aggregates 
until they are proven to be innocuous. 


iz. A special note in "bold letters” shall be placed in all 
appropriate job proposals for at least one full construction 
year, calling the contractots attention to the importance of 
conforming to the special low-alkali portland cement require- 
ments. He should be warned that the Department considers this 
to be an extremely important matter and any failure to comply 
with the requirements may result in the rejection and removal 
of the affected concrete units. : 


13. Low-alkali cements shall be stored in specially approved 
facillities at the point of manufacture. No shipments shall be 
made until each individual silo is tested and accepted by the 
Department. 


Subsequent shipment and storage shall be done in a fashion to 
preclude any significant contamination by high-alkali cements 
(greater than 0.6% alkalies). The Department shall be the sole 
judge of what constitutes significant contamination and shall 
issue guidelines for the benefit of all interested parties. 
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The initial alkali content of a wiven cement shall be based 
upon the average test result of each 10 1b accumulated sample 
taken for each 1000 bbls of stored cement in each silo. No 
one individual sample shall exceed 0.6% alkalies. 


Additional cement grab samples shall be taken at all concrete 
batch plants at the cement weigh hopper above the primary 
mixing unit for every 300 bbls of low-alkali cement used. 
Cement samples that exceed 0.6% alkalies shall result in the 
rejection and removal of all concrete placed the date the 
sample was taken. 


Cement alkali content determinations made by the Albany Labor- 
atory on all cement samples, shall be returned to the Kegion 
in which the sample was taken. This shall be done for docu- 
mentation purposes. 


The purpose of the multi-sampling procedure is to establish 
responsibility for specification deviations while aiding in 
the development of additional control requirements. 


14. Any quarry containing both reactive and none reactive 
aggregates that wishes to follow a selective quarrying pro- 
cedure, shall submit a written comprehensive report together 
with appropriate diagrams, sketches a photographs clearly 
indicating the manner in which the reactive and nonreactive 
aggregates will be quarried, handled, processed, stored and 
shipped so that they will in no way become intermingled. 


Any nonreactive aggregates contaminated by significant quant- 
ities of reactive material shall immediately be considered 
reactive from that point on in time, and shall be subject to 
all the appropriate limitations. 


The Department shall be the sole judge as to what constitutes 
a significant contamination and shall issue guidelines for 
the benefit of all interested parties. 


15. All concrete batch plants, either stationary or mobile, 
located either on or off the contract site, shall be approved 
once each calender year on the basis of the aggregates and 
cements to be used. 


If only low-alkali cements will be used throughout the approved 
period, no special restrictions will be placed on the aggregates 
to be used. 


If high-alkali cements are to be used with innocuous aggregates 
then detailed plans shall be submitted to the Department by 


the concrete producer at least 45 days before the start of the 

new calender year, indicating the origin of the aggregates, 

as well as shipping, handling and storage procedures to be followed. 
Approval shall not be given unless it can be shown that signi- 
ficant contamination of the innocuous aggregates can not occur. 
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Any nonreactive aggregates contaminated by significant quant- 
ities of reactive material shall immediately be considered 
reactive from that point on in time, and shall be subject to 
all the appropriate limitations. 


The Department shall be the sole judge as to what constitutes 
Significant contamination and shall issue guidelines for the 
benefit of all interested parties. 


All concrete incorporating high-alkali cements and reactive 
aggregates shall be rejected and removed from the site. 


16. Whenever concrete units exhibiting extensive alkali- | 
aggregate reactivity are being scheduled for repairs, colored 
photographs of the entire affected unit shall be taken and 
submitted along with appropriate concrete cores, to the Albany 
Laboratory for their consideration and comments. 


The intent is to avoid repairing severely distressed units 
that will shortly fail after being repaired. In these cases 
the entire unit should be removed and replaced. 


17. In the central and western areas of the State, immediate 
consideration should be given, at least on a temporary basis, 
to the substitution of other construction materials for port- 
land cement concrete wherever possible; 1.e. asphaltic concrete 
pavements for portland cement concrete pavements and steel 
piers and columns for concrete piers and columns. 


18. Manufacturers of all types of pre-cast concrete products 
Shall conform to the same approval requirements applicable to 
contract concrete producers. All storage and handling facil- 
ities and procedures for cements and aggregates shall be ap- 
proved on a calender year basis. Low-alkali cements shall be 
sampled and tested for alkali content at least once every two 
weeks. Any cement sample found to exceed 0.6% alkalies shall 
result in the immediate rejection of all concrete units pro- 
duced in that interval of time between the previously approved 
cement sample and the unacceptable sample, 


19. If we are to realize the maximum benefits from the imple- 
mentation of the proposed aggregate and cement specification 
changes, it is essential that those engineers charged with the 
responsibility of enforcing the new requirements understand 
and believe in them. The necessary mental conditioning of our 
engineers can best be accomplished through the dessimination 
of interesting, illustrative, educational information. 


Therefore I recommend the Department produce a simple # hour 


to 1 hour long super 8 movie highlighting the reasons why 
and how alkali-aggregate reactions occur and their ultimate 
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effect on our portland cement concrete field units. For maxi- 
mum impact, this movie should be shown in each Region of the 
NYSDOT in conjunction with the distribution of the new spéci- 
fication requirements. In addition, a simple short booklet, 
containing appropriate colored photographs illustrating the 
same important points, should be distributed to all enginéers. 
A knowledgeable Department engineer should be present at all 
meetings to answer any questions the regional personnel may 
ask. ‘ 


It should be made mandatory by the Commissioner, that engineers 
in all Kegions attend these meetings. 


Fach Regional Materials Engineer should be charged with the 
responsibility of assembling an “Aggregate Identification Kit" 
for each aggregate source operating within his area of control. 
The kits will consist of clear, sealed, heavy duty plastic 
bags containg selected aggregate samples of the various lith- 
ologic material layers indigenous to the approved aggregate 
source. These kits will be used for comparative purposes by 
inspectors assigned to contract batch plants operating on and 
off the contract site. 


It is anticipated that the greatest difficulties confronting 
the implementation of the proposed specification changes will 
occur at off-site contract batch plants. These plants normally 
produce concrete for other custamers while supplying state 
contracts. A good portion of this production goes to construc- 
tion projects belonging to other state agencies and political 
subdivisions not under the direct control of the NYSDOT. How- 
ever, they normally require their concrete work to conforn 

to the requirements of the NYSDOT. 


The limited cement and aggregate handling, storage, batching 
and mixing facilities available at these plants, presage the 
problems likely to occur as both controlled and uncontrolled 
materials compete for operating room. Therefore, it seems 
both prudent and wise to make every effort to minimize these 
potential problems as quickly as possible. 


One way to do this is to enlist the aid of as many engineer- 
ing and concerned manufacturing groups as we can in the launch- 
ing of our initial efforts aimed at controlling this problem. 
As a minimum, I would recommend inviting all top engineers 

and managers from the following groups to the same Regional 
field engineers meeting proposed earlier; 


a) All political subdivisions. 

b) All public agencies. 

c) All private consulting engineers engaged in State work. 
d) All very large private industries. 

e) All concrete suppliers. 

f) All cement and aggregate suppliers. 
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By laying all our cards on the table at one time, in front 

of all concerned parties, in an tionest, forthright and determ- 
ined manner, we will,adding considerable emphasis to what 

we are saying while enhancing the desire to cooperate on 

the part of all bodies in attendance. 


Our employer, the hard pressed, over burdened New York State 
Taxpayer, will of cause be the chief beneficiary of all finan- 
cial savings accrued as a result of these suggestions. If we 
are indeed to be worthy of his hire, we must fulfill our ob- 
ligation to him and seek to increase the profitability of 

his truly public corporation. Quality work at minimum cost is 
the profit he seeks and is entitled to. We, his employees, 

are both legally and morally obligated to work towards this 
goal! 
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